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ECOLOGY:  A  LITERATURE  REVIEW 


PART  T :  INTRODUCTION 


Problem 


1.  The  Corps  of  Engineers  (CE)  normally  operates  reservoir  projects 
to  achieve  downstream  environmental  quality  objectives  consistent  with 
project  purposes.  Presently,  there  are  no  quantitative  approaches  or  re¬ 
liable  guidelines  for  determining  water  releases  necessary  to  ensure  trie 
maintenance  of  a  desired  downstream  aquatic  environment .  Many  environ¬ 
mental  quality  requirements  for  downstream  habitat  and  biota  are  not  well 
understood  or  substantiated. 

P.  Reservoirs  affect  downstream  aquatic  habitats  in  a  number  of 
ways,  depending  on  project  design  and.  operation  and  specific  environ¬ 
mental  requirements  of  downstream  biota.  Large  variations  in  flow 
associated  with  power-peaking  operations  may  adversely  affect  down¬ 
stream  fisheries  during  spawning  periods,  disrupt  benthic  communities 
that  serve  as  food  f  -r  fish,  at;  i  limit,  stream  recreation.  Changes  in 
temperature,  dissolved  gases ,  and  ether  water  qual i ty  charae t er i st i cs 
associated  with  reserve i  r  releases,  greatly  influence  the  species 
composition  and  .abut:  inrun-  ■  f  4  tie  tailwater  community. 

i.  The  operation  of  reservoirs  to  achieve  desired  downstream 
objectives  is  often  comp  I  icat.-d  by  conflicting  requirements  to  improve 
in-lake  water  quality  or  demands  of  other  project,  purposes.  Periodi¬ 
cally,  minimum  releases  required  to  maintain  downstream  aquatic  habitat 
ami  associated  stream  recreation  are  greater  than  the  releases  required 
to  meet  other  authorised  project,  purposes .  During  these  periods,  pro¬ 
blems  assoc i at ed  with  reservoir  releases  often  become  critical.  Since 
the  benefits  of  maintaining  or  enhancing  downstream  aquatic  habitat  and 
biota  are  difficult  to  quantify,  justifying  the  allocation  of  reservoir 
storage  for  downs' roar,  releases  is  complicated.  Nevertheless,  minimum 
releases  are  required  to  maintain  adequate  downstream  habitat. 


r, 


Study  Approach 


The  f  i  rut  task  of  the  U.  S.  Fish  and  Wildlife  Service  in  pre- 
para  t.  i  on  of  thin  report  war.  to  ('undue'  an  exhaustive  literature  search 
on  the  effect;',  of  reservoir  water  release:',  on  1  ai  ] wafer  biota.  An 
annotated  bibliography  was  prepared  from  the  literature  that  most  dir¬ 
ectly  concerned  tail  water  problems  (Walburp  el.  al .  19PO) . 

r>.  This  report  reviews  available  literature  on  the  effects  of 
reserve i r  releases  on  l.ai 1  wafers  that  support  populations  of  warmwater 
fish  or  trout.  The  extensive  literature  available  on  anadromous  fish 
is  not  included.  This  "state-of-the-art"  report  documents  the  relation 
bet  ween  changes  in  the  quant  5  f  y  and  quality  of  reservoir  water  releases 
and  t.iie  quality  of  the  downstream  aquatic  environment .  The  review  also 
includes,  selected  stream  and  river  studies  ♦  hat.  have  application  to 
t.ai  Iwa  t  er  probl  one .  Tailwaters  cited  in  this  report  are  listed  alpha¬ 
bet,  lea  i  ly  it;  Append i x  A  fore:. her  wi  th  name  of  river  and  location  (e.R.  , 
.•*  at  e  of  t  he  United  ft ufes  or  count  ry) .  The  geographic  locations  of 
the  :  Oh  *  ■:  i  Iwat-'rs  located  in  t  he  United  ftater  are  shown  in  Appendix 
(  Figure  HJ  ) . 

C .  To  better  understand  *  he  physical  and  chemical  conditions 
found  in  t  ail wafers,  'his  report  begins  with  a  brief  description  of 
reserve i r  1 innol ogy ,  fo 1 1  owed  by  a  section  on  the  design  and  operation 
of  se.'.ervoi  :■  out.  i  of  structures  and  how  this  can  impact,  the  tail  water 
environment.  This  is  followed  by  a  review  of  the  physical,  chemical, 
and  trophic  conditions  found  in  tailwaters.  A  general  review  of  in¬ 
vertebrate  ecology  in  both  streams  and  tailwaters  is  then  presented. 
Life  history  requirements  of  fishes  found  in  tailwaters  are  reviewed, 
together  with  a  description  of  their  response  to  the  tailwater  environ¬ 
ment.  Tailwater  environments  created  by  various  management  schemes  for 
reservoirs  and  tailwaters  are  discussed  generally.  Major  physical  and 
chemical  alterations  are  indicated,  together  with  descriptions  of  how 
they  affect  organisms  of  the  higher  trophic  levels.  Finally,  the 
nature  and  scope  of  studies  necessary  to  complete  the  development  of 
conceptual  models  that  can  be  used  to  predict  the  effect  of  changes 
in  reservoir  management  on  the  tailwater  environment  are  indicated. 


PART  II:  BASIC  RESERVOIR  LIMNOLOGY 


7.  Knowledge  of  reservoir  limnology  is  fundamental  to  under¬ 
standing  water  quality  characteristics  in  tailwaters.  Water  quality 
in  reservoir  changes  with  season.  The  extent  of  change  reflected  in 
the  tailwater  depends  on  the  depth  of  water  withdrawal,  project  de¬ 
sign,  morphometry  of  the  tailwater  channel,  and  local  atmospheric 
conditions.  The  following,  brief  overview  of  reservoir  limnology  is 
intended  to  provide  sufficient  background  information  for  a  biologist 
or  engineer  to  understand  the  relationship  between  reservoir  biogeo- 
ehemical  processes  and  tailwater  ecology;  it  is  not  intended  to  be  a 
detailed  discussion  of  limnology.  For  a  comprehensive  description, 
the  reader  should  refer  to  the  works  of  Hutchinson  (1067),  Wetr.el 
(1975),  and  Cole  (1975). 

Hydraulic  Residence  Time  and  Settling  within  Reservoirs 

o.  In  general ,  reservoirs  with  short  hydraulic  residence  times 
have  a  reduced  impact  on  tailwaters  because  the  water  is  discharged 
before  the  effects  of  impoundment  become  established.  This  type  of 
reservoir  is  often  termed  a  flow-through  or  run-of-the-river  project. 
The  discharge  is  usually  similar  to  the  inflow  in  oxygen  concent ra¬ 
ti  jij,  temperature,  turbidity,  and  nutrient  concentration.  Reservoirs 
with  1'  -ng  hydraulic  residence  times  undergo  processes  somewhat  similar 
to  those  observed  in  lakes,  although  there  are  significant  differences 
( Neei  I.96J;  Baxter  .1977). 

9.  Reservoirs  with  long  hydraulic  residence  times  act  as  set- 
t : i n--  basins  in  which  suspended  particles  settle  from  the  water  column . 
They  are  effective  in  removing  suspended  material  from  inflowing 
streams  ><r  sediments  washed  into  the  reservoir  during,  summer  rains. 
Turbid  water  is  usually  discharged  into  the  tailwaters  only  after 
tong  winter  rains  that  are  accompanied  by  high  runoff  rates  (Churchill 
196  i ) . 
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Thermal  Stratification 


10.  The  process  of  thermal  stratification  is  a  major  factor  in 
altering  the  water  quality  of  reservoirs.  An  understanding  of  thermal 
stratification  and  its  influence  on  water  as  it  flows  through  a  reser¬ 
voir  is  essential  to  discussion  of  water  quality  in  tailwaters. 

11.  Reservoirs  stratify  thermally  when  solar  radiation  and  in¬ 
flows  from  warmer  tributaries  during  the  spring  heat  surface  waters 
more  rapidly  than  the  heat  can  be  distributed  throughout  the  water 
column.  This  produces  temperature  and  density  differences  between  the 
surface  water  and  the  underlying  water,  increasing  the  resistance  to 
mixing.  Shearing  between  the  surface  and  deeper  waters  inhibits  addi¬ 
tional  mixing  and  results  in  the  formation  of  an  upper  layer  of  warm 
water  (epilimnion)  and  a  deep  layer  of  cold  water  ( hypolimnion ) ,  with 

a  transitional  layer  between  the  two  (metalimnion ) .  Following  strati¬ 
fication,  mixing  effects  caused  by  wind  and  air  temperature  changes 
arc  largely  limited  to  the  epilimnion. 

12.  Reservoirs  destrati fy  thermally  when  the  loss  of  heat  to  the 
cooler  atmosphere  in  late  summer  and  early  fall  exceeds  the  heat  input 
from  solar  radiation.  Complete  thermal  mixing  begins  when  the  surface 
water  cools  and  becomes  as  dense  as  the  deeper  water.  Eventually  the 
entire  water  column  loses  its  resistance  to  mixing  and  the  reservoir 
becomes  thermally  uniform  (Wetzel  lQ7r>).  Tributary  inflows  may 
accelerate  destrali flection  by  providing  additional  cool  water. 

13.  The  water  column  in  warm  temperate  reservoirs  is  essentially 
of  constant  density  during  the  winter,  and  little  thermal  resistance 
to  nixing  occurs.  Convection  currents  and  relatively  little  wind 

a'd. ion  can  thoroughly  mix  the  entire  water  column  (Churchill  1067).  As 
a  result,  the  chemical  and  physical  characteristics  of  the  water  remain 
uniform  throughout  the  reservoir  until  spring.  These  reservoirs  are 
termed  menomictic,  since  they  circulate  freely  only  dui.ng  the  winter 
months . 

].h.  Reservoirs  in  cooler  temperate  regions  may  become  stratified 
during  the  winter.  The  coldest  water  (0-3°C)  remains  at  the  surface 
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and  the  warmer,  most  dense  water  ()t°r)  sinks  to  the  bottom  (Wetzel  1975). 
These  reservoirs  are  termed  dimictic  because  they  circulate  freely  twice 
during  the  year  following  spring  and  fall  destratification. 

IS.  Not  all  reservoirs  thermally  stratify  during  the  summer. 
Shallow  reservoirs  with  relatively  rapid  rates  of  flow-through  and 
exposure  to  extensive  winds  usually  remain  vertically  mixed.  Temporary 
temperature  "differences"  which  form  after  extended  periods  of  calm 
weather  an  1  reduced  discharge  may  be  destroyed  by  wind  action.  These 
reservoir:'  may,  however,  undergo  periods  of  winter  stratification  after 
ice  cover  formation. 


Dissolved  Oxygen 


In.  Concentrations  of  dissolved  oxygen  in  reservoirs  are  closely 
associated  with  the  strati f : cation  process .  Tn  stratified  reservoirs, 
the  epi.l  imniori  is  wel  l  aerated  due  to  wind  action,  mixing  resulting 
from  diurnal  temperature  fluctuation,  and  oxygen  produced  during  photo¬ 
synthesis.  Dissolved  oxygen  in  the  hypo!  ir.nion ,  however,  is  limited  to 
that  available  at,  the  time  of  strat  i  fi  eat  ion,  and  may  be  reduced  or 
eliminated  by  the  oxidation  of  organic  matter  that  settles  into  the 
hypolimnion  from  the  opilimnion.  These  conditions  persist  until  the 
reservoir  mixes  vertically.  Low  dissolved  oxygen  concentrations  are 
seldom  a  problem  during  the  winter,  when  low  water  temperatures  sup¬ 
press  metabolic  activity,  and  oxidation  rates  of  organic  compounds 
are  reduced.  However,  low  d'ssolved  oxygen  can  occur  in  ice-covered 
lakes  during  the  winter  with  resultant  fish  kills. 

17.  In  unstratified  reservoirs,  complete  circulation  and  frequent 
aeration  by  wind  action  ensures  that  adequate  oxygen  is  available 
throughout  the  water  column.  Low  oxygen  concentrations  may  occur  in 
localized  protected  embayments  and  other  areas  not  subject  to  frequent 
circulation.  Also,  nighttime  algal  respiration  may  lower  oxygen  levels. 

Nutrient  Concentration 

lli.  The  import  of  nutrients  from  upstream  or  watershed  runoff  is 
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the  main  source  of  reservoir  enrichment.  Maximum  inputs  generally  occur 
after  heavy  rains.  Excessive  amounts  of  nutrients  (e.g.,  from  municipal 
and  .agricultural  sources)  can  cause  deterioration  in  overall  water  qual¬ 
ity.  Nutrients  can  also  be  released  from  the  sediments  under  anoxic 
conditions.  These  nutrients  can  be  carried  to  the  surface  during  lake 
turnover.  In  addition,  wind-driven  currents  can  incorporate  sediments 
and  associated  nutrients  into  the  water  column  in  shallow,  unstratified 
reservoirs . 

19.  Phytoplankton  growl. li  is  stimulated  by  an  influx  of  nutrients. 
In  st. ratified  reservoirs,  phytop] ankters  continuously  settle  out  of  the 
epilimnien  into  the  hypo! inn  ion.  The  loss  of  nutrients  from  the 
epi  1  imr.'i on  resulting  from  settling  may  limit  further  phytoplankton  pro¬ 
duction,  whereas.,  the  hypo.!  imn ion  becomes  increasingly  enriched  as  the 
accumulation  and  decomposi ti on  of  organic  matter  proceeds.  When  the 
reservoir  destrat  i fi es ,  the  nutrients  that,  were  restricted  to  the 
:.,y:  ■  I  imn  ion  arc  redistributed  in  the  water  column.  The  release-  of 
mg -■ !  e.-its  to  surface  waters,  where  light  is  sufficient  to  stimulate 
:  '..v.ynt  tiesi  s  ,  results,  in  increased  phytoplankton  nr -duct  Ion.  In 

ru*  i  ff  e  i  reserve  i  rs  ,  there  is  continuous  c  i  reu.lnt  i  on  of  the  water 
cr..  :.u‘ vents  and  organic  matter  are  readily  recyclable  and  remain 
avi  i  lable  in  t  he  productive  areas:  for  continuous*,  assimilation. 


jh-dncod  Compounds 

PO.  At  -xie  condition:-,  found  it.  the  hypol  imn  ion  of  lakes  and  reser¬ 
voirs  .suit  in  t.tio  formation  of  reduced  si-ecies  of  iron,  manganese, 
sulfur,  and  n i ‘ r  gen.  "’h'-se  substances  may  become  a  nuisance  to  rec¬ 
reational  and  industrial  water  users,  and  may  be  detrimental  to  aquatic 
life  when  they  are  rel eased .  These  reduced  compounds  are  converted  to 
less,  noxious,  more  ass.imi  labl  compounds,  in  the  oxidising  environment 
of  the  epilimnien,  and  their  effect,  does;  not.  generally  persist,  for  more 
than  P'i  hours.  Ob.lectionabl  o  iron,  manganese,  nitrogen,  and  sulfur 
compound s  are  seldom  n  problem  in  well-mixed,  unstratified  reservoirs. 
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PART  III:  RESERVOIR  OUTLET  STRUCTURES  AND 
THEIR  IMPACT  ON  THE  TAILWATER  ENVIRONMENT 


21.  Water  quality  conditions  in  reservoir  tailvaters  are  deter¬ 
mined  by  processes  occurring  in  the  reservoir  (discussed  in  the  pre¬ 
ceding  section)  and  the  design  and  operation  of  the  project  outlet 
works.  The  following  brief  discussion  is  intended  to  provide  general 
information  concerning  the  design  and  operation  of  reservoir  outlet 
structures.  It  should  be  emphasized  that  each  project  is  unique  in 
design  and  operation;  therefore,  many  project  features  will  not  be 
specifically  discussed  in  this  section. 

Design  Considerations 

22.  Most  Corps  of  Engineers  (CE)  impoundments  fulfill  multiple 
purposes  including  navigation,  flood  control,  hydropower,  recreation, 
water  supply,  etc.  Emphasis  has  been  placed  on  effectively  designing 
and  operating  projects  to  meet  all  -'ntended  purposes.  For  approxi¬ 
mately  the  past  IS  years,  CE  reservoir  projects  have  been  designed 
considering  the  water  quality  of  project  releases. 

? 3.  Numerous  design  options  are  available  to  assure  that  project 
releases  are  compatible  with  tail  water  habitat  objectives.  Most  notable 
is  the  incorporation  of  :i  selective  withdrawal  structure  which  can 
release  water  from  various  si. rata  within  the  reservoir  to  meet  down¬ 
stream  objectives.  For  selective  withdrawal  to  be  a  viable  alternative, 
density  stratification  must  occur  within  the  reservoir.  This  strati¬ 
fication  may  be  due  to  vertical  i.emperature  differences  within  the 
impoundment,  and/or  the  occurrence  of  stratification  due  to  the  con¬ 
centration  of  dissolved  constituents.  Those  reservoirs  that  are 
vertically  well  mixed  have  little  need  for  selective  withdrawal.  Typi¬ 
cally,  such  reservoirs  are  shallow,  may  have  a  short  hydraulic  residence 
time,  and  are  often  dominated  by  surface  wind  mixing. 

fit.  stratified  reservoirs  provide  an  excellent  opportunity  for 
effective  operation  of  selective  withdrawal  structures.  Releases  can 
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be  made  to  meet  downstream  requirements  of  tailwater  fisheries  and  also 
reduce  the  impact  of  flood  control  operations  on  the  tailwater. 

25-  Most  older  flood  control  projects  were  designed  primarily  to 
release  waters  from  the  bottom  of  the  reservoir.  Often,  these  waters 
are  low  in  dissolved  oxygen,  but  because  of  aeration  that  occurs  in  the 
outlet  works  it  is  not  uncommon  for  dissolved  oxygen  in  release  waters 
to  approach  95  percent  saturation.  Releases  from  hydropower  projects 
receive  little  aeration  due  to  the  requirements  to  keep  turbulence  at 
a  minimum. 

?f>.  Release  of  minimum  flows  to  meet  downstream  habitat  objec¬ 
tives  is  an  important  consideration  of  project  design  and  operation. 
Projects  with  large  bottom  sluice  gates  a^e  generally  unable  to  dis¬ 
charge  low  flows  since  the  gates  can  not  be  operated  with  the  neces¬ 
sary  precision  or  they  vibrate  violently  when  attempting  to  pass  low 
flows  under  high  hydrostatic  head.  This  problem  can  be  overcome  with 
the  addition  of  low  flow  bypass  gates  that  can  regulate  releases  to 
less  than  1  m  /sec.  Also,  sluice  gates  can  be  designed  to  incorporate 
low  flow  piggyback  gator,  to  release  minimum  low  flows. 


Operal  jon  Considerat  ions 

, '7 .  Flood  control  operat  i-u,  of  a  project  is  designed  to  attenuate 
and  delay  leaks  in  the  inflow  hydrograph,  thereby  reducing  potential 
iamage  caused  by  increased  lownr.trean  water  levels.  The  attenuation  of 
peak  flood  flows  is  obtained  by  storing  water  and  releasing  it  through 
time.  Therefore,  the  redu -l.ion  in  peak  flow  results  in  longer  periods 
of  high  flow  downstream.  In  many  instances,  reservoir  discharges  are 
reduced  as  high  flows  enter  upstream  to  permit  the  downstream  tribu¬ 
taries  to  discharge  before  reservoir  flood  waters  are  released. 

28.  Flood  releases  from  reservoirs  are  ofJ  a  hypol imnet ic  because 
the  bottom  sluice  gates  generally  have  the  largest  capacity.  Thus,  if 
epi limnetic  withdrawals  were  occurring  prior  to  the  storm  event,  the 
downstream  area  may  experience  cold  hypolimnetic  release  waters  during 
the  passage  of  the  flood  waters  before  returning  to  epilimnetic  release 


schedules.  If  the  project  has  a  selective  withr-awal  structure,  a 
portion  of  the  releases  can  be  made  from  near  surface  waters  to  reduce 
changes  in  downstream  temperatures. 

.°9-  Hydropower  is  generated  by  two  typos  of  projects.  Run-of-the- 
river  projects  generally  provide  baseloud  generation.  The  production 
rate  of  power  is  determined  primarily  bv  the  amount,  of  water  flowing 
into  the  reservoir.  Their  relatively  small  capacity  precludes  their 
use  in  hydropower  peaking  operations.  The  hydraulic  residence  time  of 
the  water  in  run-of-the-r iver  projects  is  usually  quit  short,  and 
therefore,  the  water  quality  of  reservo i r  releases  is  often  quite 
similar  to  that  of  the  reservoir  inflow.  Hydropower  projects  asso¬ 
ciated  with  large  reservoirs  are  ideal  peaking  power  plants  because  of 
their  short  response  time.  Thus,  as  ieman !  peaks,  the  turbines  can 
generate  electricity  almost  immediately.  in  general ,  hydropower  pro¬ 
ject.  releases  reflect  the  demand  for  elect!-:  •i‘y,  iiseharrinr  only 
minimum  low  flows  during  the  weekend  and  at  nigh:  .  Those  projects  art- 
brought  on  line  iepor.ding  on  Ur*  demand  for  p-  w<-r. 


•.'.um.mary 


30.  efforts  to  manage  a  reservoir  tail  water  to  reflect  conditions 
in  an  unregulated  stream  or  river  are  impractical  and  often  impossible 
because  of  constraints  imposed  by  the  design  and  operation  of  the  pro¬ 
ject.  Thus,  the  quantity,  quality,  and  timing  of  releases  creates  an 
environment  which  differs  from  a  natural  stream.  Understanding  the 
impacts  of  project  releases  on  the  tailwater  environment,  as  well  as 
efforts  to  minimise  detrimental  effects  and  possibly  improve  down¬ 
stream  eondi!  t't.s,  are  oft.cn  determined  by  overall  project  design  and 
operation . 
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PART  IV:  PHYSICAL  AND  CHEMICAL  DESCRIPTION  OF  TAILWATERS 


31.  Impoundments  cause  three  major  physical  modifications  in 
natural  stream  conditions:  (a)  seasonal  temperature  changes  are  de¬ 
layed  and  the  amplitude  of  diurnal  and  seasonal  temperature  fluctua¬ 
tions  may  he  reduced,  (b)  high  natural  streamflows  are  reduced  or 
eliminated  and  replaced  by  more  moderate  discharges  over  an  extended 
period  of  time;  and  (c)  sediment  transport  is  reduced  (Neel  1963; 
Maddock  1976).  In  addition,  discharges  may  degrade  the  streambed  and 
banks,  resulting  in  "armoring”  of  the  streambed.  Impoundments  also 
affect  the  chemical  characteristics  of  the  discharge  including  concen¬ 
trations  of  dissolved  oxygen,  organic  matter,  nutrients,  and  reduced 
compounds . 

32.  The  magnitude  of  these  physical  and  chemical  modifications  is 
dependent  on  conditions  within  the  reservoir  (e.g.,  enrichment  as 
related  to  age,  duration,  and  degree  of  thermal  stratification;  hydrau¬ 
lic  residence  time;  density  currents)  and  the  depth  and  volume  of  dis¬ 
charge  (Neel  1963).  The  water  quality  of  reservoir  releases  can  be 
further  modified  by  conditions  in  the  tailwater  such  as  groundwater 
inflow,  runoff,  streamside  vegetation,  and  atmospheric  influences. 

Physical  Characteristics 


Temperature 

33.  Water  temperatures  in  the  tailwater  are  determined  primarily 
by  climatic  conditions  and  the  depth  of  release.  Some  tailwaters  are 
subject  to  sudden,  drastic  temperature  changes,  whereas  in  others  the 
changes  are  more  subtle.  Temperature  alterations  frequently  result  in 
the  elimination  of  organisms  from  habitats  where  they  might  otherwise 
survive.  Many  aquatic  organisms  present  in  a  stream  have  distinct 
temperature  requirements,  and  changes  of  1°C  can  affect  their  existence 
(Britt  1962). 

3)1.  Epilimnetic  release  dam::  on  warmwater  streams  provide  the 
tailwater  with  well -oxygenated  water  near  or  at  atmospheric 


temperatures.  Warmwater  fisli  species  found  in  these  tailwaters  are 
veil  adapted  to  release  water  temperatures.  Pfit.zer  ( 195*0  noted 
little  difference  in  the  warmwater  fisheries  in  tailwaters  below 
Tennessee  Valley  Authority  dams  built  on  warmwater  streams  when  water 
releases  were  from  the  epiliranion.  However,  epilimnetic  releases  from 
reservoirs  built  on  eoldwater  streams  can  increase  summer  water  temper¬ 
atures  in  the  tailwator  and  stress  eoldwater  species.  The  temperatures 
rf  epilimnetic  discharges  from  Ennis  Reservoir,  Montana,  were  **°C  higher 
than  those  in  the  eoldwater  stream  above  the  reservoir.  This  tempera¬ 
ture  increase  caused  growth  retardation  in  trout  more  than  270  mm  long, 
but  did  not  affect  smaller  fish  and  invertebrates  (Fraley  1978). 

35-  Water  temperatures  are  lowered  below  hypolimnetic  release 
reservoirs  built  on  historically  warmwater  streams.  Faunal  changes  are 
generally  more  pronounced  in  rivers  below  these  reservoirs  than  in 
rivei’s  below  epilimnetic  release  or  nonstrati fying  impoundments .  Sev¬ 
eral  investigators  have  noted  reductions  in  warmwater  species  caused 
by  eoldwater  discharges  below  hypolimnetic  release  reservoirs  built  on 
warmwater  streams  (Bendy  and  Stroud  19**9 i  Edwards  1978). 

36.  Coldwater  discharges  from  deep-release  dams  on  warmwater 
streams  may  result  in  tailwator  temperatures  as  much  as  20°C  lower  than 
the  temperatures  of  unregulated  streams  of  the  region  during  the  summer 
(Ward  and  Stanford  1979).  A  10°C  reduction  in  water  temperature  below 
Norris  Reservoir,  Tennessee ,  changed  the  trulwater  from  a  warmwater  to 
a  eoldwater  stream  (To -swell  1938).  Average  water  temperatures  11.3  km 
below  TonkiH ler  Dam,  Oklahoma,  during  June  and  July  were  reduced  by 

1: .  3°C  after  impoundment  (Finnell  10‘>3).  Reductions  in  water  temperature 
have  permitted  the  establi aliment  of  put-and-take  trout  fisheries  in  some 
tailwaters  that  were  previously  too  warm  to  support  trout. 

37.  During  fall,  hypolimnetic  discharges  from  stratified  reser¬ 

voirs  may  provide  warmer  than  normal  water  to  the  tailwater,  effec¬ 
tively  delaying  the  autumn  decline  in  temperatures.  River  ice  forma-  \ 

tions  may  be  delayed  during  winter  by  lags  in  ter.  irature  change,  and 

some  tailwaters  may  be  kept  completely  ice-free  by  the  release  of  )+°C 
bottom  water  (Neel  1 963 ) -  Delays  of  20-50  days  in  the  spring  rise  in 

| 
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water  temperature  have  also  resulted  from  release  of  hypolimnetic  water 
(Crisp  1977). 

38.  Seasonal  temperature  changes. are  also  delayed  in  tailwaters 
below  nonstrati fied  reservoirs.  Normal  temperature  changes  are  re¬ 
tarded  because  the  time  required  to  cool  or  warm  the  reservoir  is 
significantly  longer  than  the  time  required  to  cool  or  warm  an  unregu¬ 
lated  stream.  Additionally,  diurnal  and  seasonal  temperature  fluctua¬ 
tions  take  place  in  unregulated  streams,  whereas  temperatures  in  tail- 
water  areas  are  more  nearly  constant,  especially  near  the  reservoir 
outflow.  Marked  reductions  (up  to  BO  percent)  in  diurnal  temperature 
fluctuation  have  been  recorded  (Fraiev  1978).  Before  closure  of 
Flaming  Gorge  Dam,  seasonal  temperatures  on  the  Green  River,  Utah, 
ranged  from  2°C  in  March  to  22° C  in  July.  After  impoundment,  water 
temperature  fluctuations  were  reduced  and  ranged  between  2  and  10°C 
(Vanicek  and  Kramer  1969). 

39.  Severe  water  temperature  fluctuations  may  occur  below  dams 
during  periods  of  low  flow  or  no  flow,  becai.se  of  atmospheric  influence. 
Such  periods  are  particularly  characteristic  of  hydropower  projects 
where  changes  in  water  discharge  depend  on  power  demand.  Temperature 
fluctuations  of  6-8°C  may  occur  2  to  3  times  a  day  below  these  dams 
(Pfltc.er  1968).  Tf  2  or  3  consecutive  days  of  no  flow  occurs,  water 
temperatures  can  approach  mean  air  temperatures.  The  sudden  release  of 
large  volumes  of  cold  hypolimnetic  water  during  the  summer  may  cause 
thermal  shock.  Fish  kills  have  occurred  when  cold,  hypolimnetic  waters, 
with  reduced  levels  of  dissolved  oxygen,  were  suddenly  released  into  a 
tailwater  after  several  days  of  little  or  no  flow  (Krenkel  et  al .  1979). 

^0.  Thermal  changes  caused  by  hypolimnetic  discharge  can  persist 
in  a  tailwater  for  an  extended  distance  downstream.  The  effects  of  an 
altered  temperature  regime  below  a  hypolimnetic  release  reservoir  in 
Canada  were  noted  by  the  depletion  of  the  benthic  fauna  100  km  down¬ 
stream  (Lehmkuhl  1979).  Air  temperature,  discharge  volume,  groundwater 
and  tributary  additions,  shade,  and  substrate  type  all  play  a  role  in 
modifying  the  tailwater  temperature  as  the  water  moves  downstream.  At 
some  point  downstream,  where  the  influence  of  the  reservoir  lessens. 
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the  interaction  of  these  factors  results  in  the  return  of  the  stream  to 
preimpoundment  conditions. 

Flow 

^1.  Natural  streams  are  subject  to  large  fluctuations  in  flow  as 
a  result  of  variations  in  precipitation.  Seasonally,  flows  are  highest 
in  the  spring  and  lowest  in  the  late  summer  or  early  autumn,  although 
intermittent  floods  may  occur  as  a  result  of  periodic  storms. 

I*?.  Impoundments  can  drastically  alter  the  flow  characteristics 
in  stream  systems.  Tail  water  flows  may  be  relatively  uniform  or  may 
fluctuate  frequently,  depending  on  the  method  of  dam  operation  and 
downstream  water  requirements. 

Flood  control  and  irrigation  dams  generally  reduce  the  mangi- 
tude  of  flood  flows,  and  release  these  flows  at  reduced  volumes  over 
longer  periods  of  time.  The  reduction  or  elimination  of  floods  reduces 
bank  erosion  and  bed  scour  and  decreases  the  amount  of  sediment  washed 
in'  t  he  t  a : 1 water  from  the  flooded  bottom  lands.  The  resultant  bank 
■mi  bed  stability  enhances  the  growth  of  aquatic  and  terrestrial  vege¬ 
tal!  n  (Nee:  19M) .  The  encroachment  of  streamsido  vegetation,  which 
i  important  in  temperature  regulation,  shading,  and  in  providing  food 
invert ebrat  can  further  increase  bank  and  floodplain  stability. 
However,  cuch  increased  vegetal ive  encroachment  may  result,  in  the 
eventual  lore,  of  part  of  the  water-carrying  capacity  of  the  stream 
channel  through  a  reduction  in  channel  size  (Bovee  1975;  Maddock  1976). 

Mi.  Uniform  flows  below  flood  control  and  irrigation  dams  often 
benefit  the  invertebrate  community  through  the  establishment  of  dense 
mats,  of  periphyt-S  e  algae.  These  algal  mats  constitute  both  a  habitat 
and  a  food  supply  for  benthic  organisms  incapable  of  living  in  a  more 
barren  stream.  However,  these  mats  may  eliminate  species  adapted  to 
clean  rock  surface:-.  (Ward  1976c). 

)i5.  Flow  fluctuations  are  more  frequent  and  of  greater  magnitude 
below  hydropower  dams,  than  in  natural  streams.  T.arge  daily  flow  fluc¬ 
tuations  often  preclude  the  establishment  of  permanent  st.reamside 
vegetation.  The  alternate  inundation  arid  exposure  of  the  streambed, 
coupled  with  extreme  variations  in  flow,  may  remove  much  of  the  aquatic 


biota  from  the  tailwater  (Neel  1963)-  A  sudden  increase  in  flow  may 
remove  algae,  macrophytes,  and  sedimentary  detritus,  in  addition  to 
benthic  invertebrates.  Sudden  decreases  in  flow  may  strand  attached  or 
immobile  species  and  result  in  their  desiccation  (Lowe  1979)-  Overall, 
the  diversity  and  abundance  of  tailwater  habitat  and  fish  and  inverte¬ 
brate  food  supply  may  be  significantly  reduced  by  radically  fluctuating 
flows  (Neel  1963) .  Recent,  studies  (Matter  et  al .  1981)  demonstrate 
that  the  surge  of  water  from  a  peaking  hydropower  plant,  and  resultant 
bed  scour  may  indirectly  benefit,  tailwater  fish  by  making  benthic  foods 
more  available. 

Substrate 


b6.  Because  reservoirs  act  as  sediment  traps,  there  is  usually 
li’Me  sediment  in  reservoir  discharge.  This  loss  of  sediment  in  the 
discharge,  coupled  with  the  removal  of  fine  particles  by  the  current 
below  the  dam,  results  in  a  tailwater  streambed  composed  primarily  of 
coarse  cobble  and  bedrock.  Ultimately  an  equilibrium  is  reached  be¬ 
tween  the  particle  sice  of  the  remaining  substrate  and  the  stream's 
capacity  to  transport  material.  Upon  reaching  this  equilibrium, 
further  degradation  of  the  tailwater  streambed  by  scouring  is  halted 
(Komura  and  Simmons  1967).  Increased  flow  rates  below  some  hydropower 
facilities  reduce  hank  and  streambed  stability,  thereby  causing  in¬ 
creased  bank  erosion,  streambed  scour,  and  eventually  armoring. 

Smaller  sediment,  particles  are  swept,  downstream  and  deposited  in  pools 
and  slackwater  areas. 

Turbidity 

1+7-  Turbidity  can  reduce  or  eliminate  aquatic  life  in  a  stream. 
Decreased  light  penetration  in  turbid  streams  inhibits  the  establish¬ 
ment  and  maintenance  of  autotrophic  plants,  which  may  in  turn  effec¬ 
tively  limit  higher  life  forms  (Ruttner  1963).  Additionally,  sedi¬ 
mentation  resulting  from  turbid  conditions  eliminates  invertebrate 
habitats  by  filling  the  interstices  of  gravel  substrates.  Sedimenta¬ 
tion  may  also  cover  fish  spawning  sites  and  interfere  with  oxygen 
transport  to  buried  fish  eggs  (Fry  i960). 
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ijB.  Tailwaters  are  usually  clearer  (less  turbid)  than  the  reser¬ 
voir  inflow,  particularly  below  deep-release  reservoirs.  Turbidity 
below  reservoirs  is  significantly  affected  by  sedimentation  within  the 
reservoir,  density  currents,  discharge  depth  from  the  dam,  and  the  in¬ 
flow  from  surface  runoff  and  tributary  additions.  Turbidity  was  re¬ 
duced,  up  to  sixtyfold  in  the  tailwater  below  Yellovtail  Dam,  Montana, 
by  the  settling  of  suspended  matter  within  the  reservoir  (Soltero  et  al. 
1971).  Density  currents  carrying  fine  suspended  matter,  however,  may 
sometimes  flow  beneath  or  through  the  main  body  of  water  in  stratified 
reservoirs  and  be  discharged  directly  into  the  tailwaters  with  little 
alteration  within  the  reservoir  (Churchill  1958 ) •  Tn  these  instances, 
mineral  concentrations  and  turbidity  may  increase  significantly  in  the 
tailwater.  Turbid  conditions  may  also  result  from  the  flushing  of 
loose  materials  i  rite  tai 1 waters  from  unstable  riverbeds  and  streambnnks 
during  periods  of  high  discharge,  and  from  tributary  inflow. 

Cheni cal  Characteristics 

)i0.  Chemical  properties  that  may  affect,  the  tailwater  biota  are 
4  i,o  concent-rat) on  of  dissolved  gases  (i.e.,  oxygen,  nitrogen),  pH, 
particulate  -e-ganic  matte?',  available  nutrients,  and  reduced  compounds, 
li  •cause  o  ■'  the  variability  of  factors  involved  in  altering  water 
quality,  few  genera  I  statements  can  he  made  that  are  applicable  to  all 
« aiiw-ateiv.  Chemical  properties  of  the  water  immediately  below  a  dam 
lepenti  on  wa  tpi.a  !  i  ty  within  the  reservoir  at  the  level  of  release. 

As  4  he  water  m> 'Vos  downstream,  local  conditions  influence  water  quality 
and  tend  t  ■  character] so  each  individual  tailwater  (Pfi  titer  195M. 
Dissolved  gases 

SO.  Dissolved  oxygen.  The  concentration  of  dissolved  oxygen  in 
aii  aquatic  syr.t  on  is  dependent  on  water  temperature,  biological  oxygen 
demand,  a tmosnherie  exchange ,  and  primary  production.  Water  tempera¬ 
ture  determines  the  solubility  of  oxygen,  and  thus  the  amount  of  avail¬ 
able  •  >xyget.  in  streams.  This  is  an  important  factor  in  regulating  the 
me- ah,']  i.-  rates  of  re  l  d-b  I  coded  animals,  since  their  rates  of 
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metabolism  increase  vith  temperature.  The  solubility  of  oxygen  de¬ 
creases  as  water  temperature  increases.  At  100  percent  saturation, 
lH.l6  mg/l  of  dissolved  oxygen  may  be  in  solution  at  0°C  but  only 
7.53  mg/l  at  30°C  (Boyd  1979).  Decomposition  rates  of  organic  matter 
increase  with  increasing  temperature,  resulting  in  an  additional  deple¬ 
tion  of  oxygen  content.  The  rate  of  decomposition  generally  increases 
between  8  and  38°C.  Temperature  increases  oi  10°C  often  double  the 
rates  of  decomposition  and  oxygen  consumption  (Boyd  1979)- 

51.  Host  streams  are  relatively  well  oxygenated  due  to  turbulent 
flows  and  continual  atmospheric  exchange.  In  quiet  pool  areas  with 
dense  algal  vegetation,  diurnal  variations  in  the  concentration  of 
dissolved  oxygen  are  directly  linked  to  the  amount  of  photosynthesis 
and  respiration  taking  place  in  the  system  (Hoskin  1989).  Oxygen  con¬ 
centrations  are  highest  during  the  day  and  lowest,  at  night. 

50.  The  concentration  of  oxygen  in  tailwat.ers  depends  on  the 
type  of  reservoir,  depth  of  water  release,  water  mixing  during  release 
from  the  dam,  and  downstream  flow  conditions.  Low  dissolved  oxygen 
concentrations  normally  do  not  occur  below  surface-release  reservoirs. 
Water  from  the  epilimnion  is  usually  well  oxygenated  os  a  result  of 
photosynthesis  and  atmospheric  gas  exchange. 

83.  In  deep-release  reservoirs,  biological  decomposition  of 
organic;  matter  in  the  hypo limn ion  during  the  summer  may  result  in  the 
discharge  of  poorly  oxygenated  water  into  the  tailwater.  The  lew 
oxygen  content  of  these  waters  may  not  satisfy  the  biological  and 
chemical  demand,  especially  if  there  arc;  additions  of  domestic  and 
industrial  pollution  downstream  from  the  dam  (Fish  1989). 

51.  Tailwater  oxygen  levels  may  also  be  reduced  by  the  oxidation 
of  iron  and  manganese  present  in  hypo limnetic  releases.  This  reduction 
may  cause  physiological  stress  to  the  aquatic  community  and  further 
reduce  the  assimilation  of  organic  wastes  by  stream  organisms.  Low- 

xygon  conditions  nay  also  intensify  the  potentially  toxic  effects  of 
ithor  chemical  constituents — including  ammonia  and  hydrogen  sulfide, 
which  are  often  present  in  the  anoxic  hypolimnetic  water. 


r>5-  Reaerat  ion  of  dooxygenat.ed  water  can  be  rapid,  and  serious 
oxygen  depletions  ran  be  avoided  if  tai 1 water  conditions  are  such  tha, 
biological  and  chemical  oxygen  demands  are  not  excessive.  Wirth  et  al . 
(1970)  documented  a  consistent  concentration  of  7  mg/l  dissolved  oxygen 
in  discharges  from  a  deer-release  reservoir  in  which  the  hypol imnion 
was  devoid  of  oxygen.  Reaeration  during  discharge  is  credited  with 
maintaining  the  high  dissolved  oxygen  level. 

So.  The  rate  of  reaeration  below  deep-release  reservoirs  depends 
on  the  turbulence  of  the  flow  in  the  tai 1  water ,  atmospheric  influence, 
and  extent  of  photosynthesis  by  aquatic  vegetation  below  the  dam.  Low 
oxygen  levels  may  persist,  farther  downstream  during  peak  flow  periods, 
when  riffle  areas  are  inundated  and  more  laminar  flow  conditions  exist, 
below  an  Oklahoma  hydropower  protect,  dissolved  oxygen  concentrations 
were  low  ( 1 .  S  mg/1  )  for  .  ?  km  downstream  during  periods  of  moderate 
sehnrge,  hut  extended  8  km  downstream  (f.O  mg/1 )  at  peak  flows 
(Rummer.-  1  o ■  - 1 ; ) . 

r>7 .  Oxygen  concentrations  greater  than  r>  mg/l  are  generally  pre¬ 
ferred  by  nor*  stream  fish  ( Fry  1900).  They  appear  to  survive  well  in 
st  ream.-  where  dissolved  oxygen  content  occasionally  falls  below  5  mg/l 
a*  :.i  lag  r :  res  ab  ve  this  level  during  the  day.  Certain  current- 
e!  apia'ic  i tiver t ebral  es  can  withstand  dissolved  oxygen  concen- 
*  ra*  :  u.s  Lss  *  ha:.  1  mg/l  if  current  velocities  remain  high  ( Bovee 
■off. 

'■  ' .  V.'issr:  - 1  v  •  •  i  oxygen  deficiencies  occur  in  tai  lwat.o’-s ,  they 

adverse'. y  aft'oei  •  he  h.ea  1  t.li  of  fish  through  suffocation,  growth  retar- 
ia*  an  1  d-vreased  i !  se.as.o  resistance.  Macro  invertebrates  may  also 

be  adversely  a  ■  ■ ,  bu*  tolerant  organisms  usually  replace  those 

tha'  hav>  uband  tin'  areas  because  of  low  oxygen  levels.  Oxygen 

:  -  is  *  i  its  *  La*  are  not  great  enough  to  retard  fish  growth  generally 
:  i.  ■  Inga  it-  fish  :'■■■{  r.-'fo.u -cor.  ( Poudoroff  .and  Shumwav  1Q67). 

1  is.  .  -  n  •  -:-s  -urn 4  L  n  .  (las  super saturati  on  can  occur  in  tail- 

w-iti'i-s  w!;.-r.  w-i‘  r  is  spilled,  over  b.i gh  dams,  trapping  air  and  plunging 
i ‘  to  *  he  stream  below  where  hydrostatic  pressure  is  sufficient  to 
i  rs-rease  solubility  of  .atmospheric  gases  (Weitkamp  and  Katz  19^0) .  The 
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high  levels  of  dissolved  gases  produce  embolisms  in  a  variety  of 
fishes  and  invertebrates.  The  supersaturated  gases  come  out  of 
solution  within  the  fish's  or  invertebrate's  body  and  form  bubbles 
under  the  skin;  severe  cases  can  cause  death.  The  condition  is  most 
common  in  tailwaters  below  hydropower  reservoirs  in  the  Pacific  north¬ 
west  and  has  been  attributed  to  both  spillway  and  turbine  releases 
\  :-e iningen  and  Ebel  1970;  Buggies  and  Watt  1975).  Crunkilton  et  al. 

reported  on  the  occurrence  of  gas  supersaturation  in  a  warm- 
water  tuiiwater  in  Missouri.  Spillway  deflectors  are  reported  to 
effectively  reduce  the  level  of  gas  supersaturation  in  water  passing 
over  a  spillway  {’Weitkamp  and  Katz  1980). 
hydrogen  ion  concentration  and  alkalinity 

oO.  The  distribution  of  organisms  in  an  aquatic  system  is  deter¬ 
mined  to  a  large  extent  by  the  hyurogen  ion  concentration  (pH)  of  the 
water.  Changes  in  the  pH  of  surface  waters  are  often  brought  about  by 
addition  or  removal  of  CO  during  photosynthetic  activity,  decomposi¬ 
tion  of  organic  matter,  and  gas  exchange.  Fluctuations  in  pH,  unless 
extreme,  are  not  harmful  in  themselves,  but  variations  may  intensify 
or  decrease  the  effect  of  toxic  substances  within  the  water  column 
(Fry  i960).  Waters  with  a  pH  from  6.5  to  8.6  are  most  productive, 
and  fish  populations  are  unaffected  by  slight  deviations  within  this 
range  (Fry  i960).  Additions  of  acid  mine  drainage  or  industrial 
wastes  may  result  in  extreme  deviations  from  these  acceptable  limits 
and  stress  some  aquatic  organisms  (Edwards  1978).  Aquatic  insects 
have  been  shown  to  have  little  tolerance  for  pH  below  1  (Canton  and 
Ward  1977).  Effects  on  fish  become  lethal  when  the  pH  falls  below  5 
or  rises  above  11  (Swingle  1961 ) . 

6l.  Diurnal  fluctuations  in  pH  of  unpolluted  surface  waters 
are  reduced  through  buffering  by  an  alkalinity  system  of  carbonates 
and  bicarbonates,  and  the  degree  of  buffering  effectiveness  depends 
on  the  concentration  of  these  substances  in  the  watershed.  Total 
alkalinity  may  range  from  less  than  5  mg/H  as  CaCO^  (iittle  buffer¬ 
ing  capacity  present)  to  several  hundred  milligrams  per  litre  (Boyd 
1979 ) . 
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Productivity  in  natural  waters  is  related  to  their  total  alkalinity 
( 'Te-uer  lOGO;  Hayes  and  Anthony  196M  •  Waters  within  an  alkalinity 
range  of  .'0  to  tOO  ing/ 1  are  Renorally  considered  biologically  more 
productive  than  those  with  higher  or  lower  alkalinities  (Moyle  19^5). 

of.  There  are  no  apparent,  trends  in  pH  and  alkalinity  values  in 
tail waters,  other  than  seasonal  changes  brought  about  by  thermal  stra¬ 
tification  (Vuniook  1 9^7 ;  • ‘ear son  and  Franklin  19("''>).  bacteria 1  de¬ 
composition  of  organic  matter  in  the  hypol imnion  increases  the  concen¬ 
tration  of  I'.’irli.  n  dioxide,  thereby  reducing  t.he  j  P.  in  the  tuilwater. 
Turbulence  in  t.a  i  !wat  err  increases  gas.  exchange,  wliich  reduces  the  con¬ 
centration  of  carbon  ii oxide;  consequently  pH  rises  as  the  water  flows 
downstre.-UTi .  Alkalinity  values  in  tail  waters  below  hypol  imnetic  release 
reservoirs  are  reduced  during  spring  runoff  but  increase  during  the 
summer,  when  t  he  rrservoi  rr.  become  thermally  strati  fied  (Vanicok  19^7; 
Charles  and  Mcl.emoro  1 QT  a ;  Hannan  and  Young  loyh). 

Particulate  org:  m  i  matter 

63.  Particulate  organic  matter  (POM),  the  organic  component  of 
the  seston  (Cole  1975),  is  the  main  food  supply  for  detritivores  in 
natural  stream  ecosystems.  Concentrations  of  POM  present  in  a  stream 
are  often  posit  ively  correlated  with  flow  rater,  which  are,  in  turn, 
determined  by  t  lie  amount  of  rainfall  in  the  watershed  (Webster  et  al . 
197°) .  Concentrations  of  POM  are  highest  during  leaf  fall  in  autumn 
and  this  source  is  gradually  depleted  from  the  stream  during  the  rest 
o'  the  year. 

o!..  The  POM  may  be  separated  into  course  and  fine  fractions.  The 
coarser  materials,  tend  to  move  only  a  short  distance  downstream  before 
they  are  trapped  by  obstructions  and  reduced  in  size  by  mechanical  and 
biological  processes.  The  finer  particles  are  generally  carried 
further  downstream  until  u  roduel  ion  in  t.he  flow  velocity  allows  the 
particles  :o  sett  lc  out,. 

(■r:.  Deep- release  reservoirs  reduce  t.he  transport,  of  most  sus¬ 
pended  POM  !..'  th>-  stream  bciow.  fet.tl  ing  and  decomposition  in  the 
reservoir  may  remove  70  In  00  percent  of  the  particulate  organic  matter 
introduced  from  the  watershed  (hind  1971;  Armitage  1077).  Most 


;t  1  loeht  honour.  I'tr.nn  i  e  rna 4 1  or  is  washed  into  the  reservoir  during  hip;h 
wint  'r  or  sprinp  flows  and  is  subsequently  decomposed  and  transformed 
into  dissolved  nut  rients  during  the  period  of  summer  strati  ficat.ion 
(Webster  »•:  a  1  .  1979)  •  Tiie  loss  or  reduction  of  this  food  supply  for 

baot.or  in ,  Tin?";,  and  certain  nacroitivertebra  t.es  can  reduce  the  .abun¬ 
dance  of  t  hose  orranisms  in  the  tuilwafers.  Density  currents  with  hip;}] 

;  .-vei  s  f  l  MV  nay  flow  t.hrourh  reserve  i  rs — undertiea)  h,  throuph,  or  above 
tiie  ":di.  body  of  water — and  be  diseharc*  "i  into  the  t  ai  1  water ,  and  when 
’his.  ooeurs  concent ra4 i on  of  !'('M  in  tiie  t.ailwafer  i  nerensos . 

■>  .  In  iMid  rii-t  ,  si,  I'aro-re]  ear-e  r*‘sorv<  d  rs  tend  to  increase  the 
c  aieent  ra  t  i  on  c.f  idl'd  in  the  tai  'water  t  hrouph  the  discharge  of  ]  nr/;o 

pepulat  ions  of  sordonie  t  !n:.k’on  produced  in  the  enilimnion  of  the 
reservoir.  The  amount  of  plankton  received  from  the  reservoir  fluctua¬ 
tes  seasonally;  it  is  proalest  durinp  peak  produo4  ion  periods  (turnover) 
in  spring  and  fall.  Mierosost  or,  i;i  the  efl'luent.  of  hake  Laurel, 
California,  was  8'.-  percent,  more  abundant,  than  that  in  4  lie  inf  levin/’ 
stream  (Mneiolek  and  lunsi  1  o<  ) .  Pi  Iter  feed  i  tur  invertebrates  may 
flou  'ish  below  then-  epi  limnetic  rele.ase  reservoirs  due  to  the  in- 
creat -'d  availability  of  food  parti  cl  es  . 

■’■7.  Concent  rat.  i  one  of  POM  in  tail  waters  below  reservoirs  with 
short  hydraulic  residence  times  may  not  di  ''for  substantially  from  those 
.in  r-servoir  inf  >ws.  fhort  hy>b-nulie  residence  time  does  not.  allow 
sufficient  t  ime  f.  r  pn ..  1  ic !  i  an  of  enoup.h  pliytopla.nkt.on  or  settlement 
and  deeonp-  >s i 4  i on  of  onouph  suspended  organic  matter  to  significantly 
alter  the  pi'M  concent. rat  i..-.n  received  by  the  tni  1  water. 
lint  r  i  ■  ait  s. 

o  .  'di  sera  1  s  and  nutrients  characteri  r.tic  of  the  surrounding 
watershed  are  carrieil  into  streams  by  surface  runoff  and  tributary 
inflow.  The  amount  of  nutrients  made  available  to  a  reservoir  depends 
on  the  nature  of  the  soil,  amount,  of  rainfall,  local  agricultural 
practices,  and  domestic  and  industrial  sowape  inputs,  ftipni ficant 
short-term  increases  in  minerals  and  nutrients  durinp  periods  of 
intense  runoff  are  charaeterist.ic  of  unaltered  streams;  whereas  waters 
released  from  reservoirs  are  more  uniform  in  mineral  and  nutrient 


content  (Wirt.h  et  al .  1970).  Nutrient  enrichment  of  a  tailwater  is  a 
function  of  the  enrichment  of  the  reservoir  above,  reservoir  stratifi¬ 
cation,  depth  of  release,  and  hydraulic  residence  time. 

69.  Stratified  reservoirs  that  have  surface  outflows  trap  nutri¬ 
ents  in  the  deep  hypolimnetic  waters  (Wright  1968) .  Total  dissolved 
solids,  nitrogen,  and  phosphorus  concentrations  decrease  in  the  epilim- 
nion  during  the  summer  through  the  assimilation  of  these  nutrients  by 
seasonally  increased  phytoplankton  populations.  In  addition,  adsorp¬ 
tion  to  clay  particles  and  subsequent  settling  may  reduce  phosphorous 
concentrations  in  the  ep'limnion.  Moribund  plankton  from  the  epilim- 
nion  and  organic  material  carried  by  the  inflowing  water  continually 
settle  out.,  enriching  the  hypol  imnion  as  decomposition  and  nutrient 
transformation  takes  place. 

70.  The  retention  of  nutrient  rich  hypolimnetic  water  may  in¬ 
crease  tile  potential  productivity  of  the  reservoir  (Murphy  1977’); 
however,  continual  inflows  of  dissolved  and  suspended  nutrients  may 
result  in  a  noticeable  deterioration  in  water  quality  (.Johnson  and 
Rerst  196‘i).  The  biological  productivity  of  the  tailwater  below  a 
stratified  surface-release  reservoir  is  reduced  during  the  summer 
because  of  the  decrease  of  dissolved  nutrients  in  the  discharge.  In 
the  fall,  however,  after  the  reservoir  becomes  vertically  mixed  and 
nutrients  are  uniformly  distributed  in  the  water  column,  the  avail¬ 
ability  of  nutrients  in  the  tailwater  is  increased  and  productivity 
improved . 

71.  Deep-release  reservoirs  discharge  the  nutrients  which  accumu¬ 
late  in  the  iiypolimn i on  during  stratification.  The  reduced  oxygen 
concentration,  resulting  from  decomposition,  enhances  the  accumulation 
of  dissolved  nutrients  (Hannan  and  Young  197M-  As  a  result,  more 
nutrients  are  discharged  from  the  hypolimnion  i n  the  form  of  readily 
usable  ammonia  and  dissolved  phosphate.  The  release  of  clear,  nutrient- 
rich  water,  more  fertile  than  that  released  from  the  surface,  often 
results  in  increased  productivity  in  the  tailwater.  Ob.iecti onable 
taste,  odor,  and  excessive  algal  production  are  often  associated  with 
these  releases.  Dense  algal  mats,  sometimes  established  below  these 
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reservoirs  iis  a  result  of  the  increased  nutrients,  are  usually  asso- 
eiated  with  inereased  numbers  >>f  invert.ebivit.es,  providing:  a  food  base 


for  ta i  1  wa ter  fish.  Increased,  a  l  pal  prowth  and  the  subsequent  increases 
in  macroi  nvert.obrat.es  can  aid  in  the  er.t  abl  i  r.iunent  of  a  trout  fishery 
(rnt.r.er  lOs.'i). 

Reduced  eompoutuir.  in  t.a  i  1  wat.err- 

79.  Hyp  '  1 imnef i e  discharger  nay  contain  hiph  concentrations  of 
reduced  iron,  manganese,  sulfur,  and  ammonia  produced  by  naturally 
occurring  anaerobic  processes.  Hiph  concentrations  of  these  materials 
may  be  toxic  t.o  tai  1  water  biota,  or  affect  certain  life  stapes  at 
sublet  hal  ! eve] s  (l.elunkuhl  1979) .  !>ir. solution  of  there  substances  from 

the  soil  and  decomposed  orpaiii-  matter  occurs  in  the  reservoir  when  the 
hypolimnion  becomes,  anaerobic  and  the  redox  potential  is  lowered.  A 
combination  of  these  elements  may  have  a  synerpi  st.  i  c  effect,  so  that  no 
one  element  or  compound  is  solely  responsible  for  toxicity  to  the  biota 
to.  M,.  fir  i <• ,  Auburn  University,  unpublished  manuscript).  The  re- 
le.'is,  of  anoxic  hypo  1  i  tnnet.  i  c  water  may  produce  combinations  of  toxic 
elements  that  normally  would  not  be  present  in  unaltered  streams  or  in 
epi limnetic  release  tai 1  waters . 

71.  Iron  and  mnnpaner.c .  Soluble  reduced  forms  of  iron  and  man- 
panese  bepin  to  oxidize  upon  release  from  the  reservoir  and  precipitate 
in  the  form  of  ferric  and  manpanic  hydroxides  that  may  stain  concrete 
and  rock  surfaces  in  the  tai 1  waters.  These  poorly  soluble  hydrous 
metal  oxides,  are  a  nuisance  t.o  downst.re:ini  municipal  wat.e**  treatment 
plants.  IVposits  id’  these  hydroxides  on  the  substrate  below  hypol im- 
netie  release  reservoirs-  may  a  1  s.o  affect  the  numbers,  and  types  of 
orpanisns  present  .  However,  the  effects  of  these  deposits,  have  not 
be  Vi  suffieientiy  deeiimenled  (Krenkel  et.  al.  1979). 

T'i.  iron  concontrat ions  in  neutral  or  alkaline  waters  usually 
ranpe  from  O.0S  t.o  0.90  mp/l  (Ul.uimn  and  bee  i960).  The  hiphest  accept¬ 
able  concent  rat. ions  of  iron  are  0.30  mp/J  in  domestic  water  supplies  and 
1.00  mp/l  for  freshwater  aquatic  Life  (U.  .0.  Environmental  Protection 
Apeney  1976). 


75.  The  chemical  characteristics  of  manganese  are  similar  to 
those  of  iron;  however,  manganese  has  a  slower  oxidation  rate  and  forms 
more  soluble  salts  than  iron.  Manganese  concentrations  are  not  as 
effectively  eliminated  from  the  water  column  by  precipitation  (Wetzel 
197r>).  Soluble  forms  of  manganese  are  therefore  more  persistent  in 
tailwat.ers.  Below  stratified  deep-release  reservoirs,  manganese  con¬ 
centrations  may  exceed  1  mg/l ,  which  is  greater  than  concentrations 
found  in  most  freshwater  environments  (Churchill  1958;  Martin  and 
Stroud  197 >)•  Concentrations  less  than  50  yg/l  have  been  found  to 
Inhibit  green  and  blue-green  algae  in  streams  and  to  favor  diatoms 
(Wetzel  1975). 

7 6.  Hydrogen  sulfide.  Occurrence  of  hydrogen  sulfide  in  hypo lim¬ 
netic  discharges  is  the  result  of  the  anaerobic  bacterial  decomposition 
of  organic  sulfur  compounds  and  the  reduction  of  sulfates  t.o  sulfides 
within  tin-  reservoir.  Hydrogen  sulfide  concentrations  are  highest  and 
most  toxic  under  acidic  conditions  (low  nil).  in  neutral  or  alkaline 

wn 4  ere  ,  1  lie  sulfides  combine  with  iron,  forming  insoluble  ferrous 
sulfide,  which  preeij  i tutor  from  the  water.  Thus,  hydrogen  sulfide 
appears  only  when  pH  is  iow  and  oxygen  content  is  near  zero,  or  when 
•t  1  !  .available  iron  ins.  been  preeipi  bated  from  neutral  or  alkaline  water 
(  Byrons  et  a  l .  ''  Ot'di ) . 

77.  I' i schorges  with  hydrogen  sulfide  concentrations  above  0.007 

i:.r/  i  have  an  ob.p-ct  i  onubl  e  odor  and  may  result  in  fish  kills  and  in  a 
reduction  In  livers;’;,-  herd  her.  and  algae,  ftaiith  el.  al .  ( 19i’6) 
reported  -i  7  '-hour  1,  of  (1.019  mg/l  for  biuegill  eggs  at  71  ,0°C  and 
a  >  >-heur  1,7,  0.0)7.  ns/1  f..:-  adult  bluegills  at  19.6-70. 3°C.  Fish 

d i e—  -•  f fs  and  -nlverse  bent  hic  ror.pmjr.er,  have  been  attrib  ited  to  high 
I  ev>  Is.  of  hydrogen  sulfide  (Wright,  19(78). 

Yd.  Ammonia.  Ammonia  nitrogen  (HH.,-ti)  is  a  by-product  of  organic 

- 

:•  a-onpor.  i  t,  i  on  (Col  '  1975).  In  some  situations,  dr-pending  on  the  pH  of 
the  water.  III!.,  may  be  toxic  to  living  organisms.  Concentration  of  MH_, 
increases  as  pH  increases,  and  Nil  is  most  toxic  when  both  dissolved 
oxygen  and  carbon  dioxide  levels  are  low  (Boyd  1979).  Toxicity  is  also 
affected  by  temperature  and  alkalinity  ( Lloyd  and  Herbert,  i960). 
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Concentrations  between  0.6  and  P.O  mg/l  are  lethal  to  fish  after  short¬ 
term  exposure  (European  Inland  Fishery  Commission  1973,  in  Boyd  1979). 
Pathological  changes  in  fish  organs  and  tissues  have  been  noted  after 
continuous  exposure  to  sublethal  concentrations  between  0.006  and  0.3^ 
mg /I  (Smith  and  Piper  1979,  in  Boyd  1979) • 

79.  In  late  summer  or  early  fall,  the  concentration  of  NH^  ir - 
creases  in  the  anoxic  hypolimnion  of  stratified  reservoirs  ar  the 
result  of  extensive  anaerobic  decomposition  of  organic  matter.  Addi- 
1  i'UKti  ill!,  may  be  released  from  the  bottom  sediments  or  may  be  carried 
into  the  hyp.'limnion  by  density  currents  (Hannan  1979).  Consequently, 
:uriri!  >ii  i  a  concentrations  in  tailwaters  below  hypolimnotic  release  dams 
tend  to  increase  during  late  summer  or  early  fall.  Ammonia  concentra¬ 
tions  also  increase  in  tailwaters  below  epi limnetic  release  dams  during 
fall,  •••'tor  tile  fall  overturn. 
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PART  V:  METABOLISM  AND  TROPHIC  STRUCTURE 


80.  The  assemblage  of  organisms  living  in  a  particular  reach  of  a 
tailwater  may  be  considered  a  biotic  community.  In  this  community,  the 
interactions  between  the  various  types  of  organisms  (i.e.,  primary 
producers;  primary ,  secondary,  and  tertiary  consumers,  etc.)  are  based 
primarily  on  their  nutritional  requirements  and  feeding  habits.  The 
complex  nutritional  and  energy  cycle  that  results  from  this  interaction 
is  often  referred  to  as  the  trophic  system,  within  which  each  type  of 
organism  occupies  a  particular  level. 

81 .  Energy  enters  t.he  tailwater  trophic  system  in  the  form  of 
light  energy  and  nutrients  and  detritus.  These  materials  are  used  by 
the  primary  producers  and  consumers  that  make  up  the  lower  trophic 
levels  of  the  system.  Energy  is  progressively  transferred  upward 
through  the  system  when  the  organism.;  in  these  lower  trophic  levels  are 
eaten  by  the  secondary  and  tertiary  consumers  that  make  up  the  higher 
trophic  levels. 

B,°.  As  the  energy  is  transferred  from  one  level  to  another, 
losses  result  from  the  partial  use  of  the  available  energy  required  for 
maintenance  and  reproduction.  Generally,  each  successive  trophic  level 
contains  only  about  10  percent  of  the  energy  available  to  the  preceding 
one  ( Russell-Hunter  1070) .  The  net  result  is  that  only  a  small  per¬ 
cent, age  of  the  t-igina!  energy  is  available  at  the  highest  trophic 
level .  Greater  biomass  production  at  the  primary  level,  enabled  by 
increased  input  (e.g.,  primary  production,  detritus),  usually  results 
in  greater  biomass  production  at.  the  highest  trophic  level  (Bovee  1975) . 

Streams 


B'S.  Tn  rt, reams,  metabolic  essentials  are  not  recycled  and  must  be 
constantly  supplied  from  upstream  sources  or  streamside  vegetation. 
Metabolic  activity  and  productivity  are  additionally  governed  by  the 
composition  and  sources  of  the  nutrient. s  entering  the  stream  and  how 
efficiently  they  are  utilised. 
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81*.  Stream  organisms  take  up,  transform,  use  and  release  organic 
materials,  thus  acting  as  processors  of  the  organic  material  passing 
through  the  system  (Fisher  1977).  Fish,  the  largest  organisms  in  the 
stream  community,  usually  represent  the  top  level  of  the  food  chain. 
Their  abundance  reflects  the  quantity  of  primary  and  secondary  produc¬ 
tion  that  takes  place  in  lower  levels  of  the  trophic  system. 

85.  The  organic  content  of  a  natural  stream  system  comes  from 
allochthonous  and  autochthonous  sources.  The  metabolism  for  both 
sources  is  based  on  the  supply  of  detritus  which  is  used  as  food  by 
detritivores  and  omnivores  and  furnishes  dissolved  nutrients  to  the 
primary  producers.  An  allochthonous  system  (heterotrophy)  is  based 
primarily  on  organic  material  that  is  carried  into  the  system  from  the 
watershed.  Autochthonous  systems  (autotrophy)  derive  their  energy  from 
photosynthesis  that  takes  place  in  the  streambed.  These  systems  are 
most  representative  of  slower  flows,  which  enable  a  buildup  of  peri- 
phytic  vegetation  and,  occasionally,  vascular  plants. 

86.  In  contrast  to  the  source  of  organic  materials  in  most 
ecosystems,  that  in  streams  is  derived  primarily  from  allochthonous 
sources  (Hynes  1970;  Cummins  197**).  A  headwater  stream,  for  example, 
may  derive  99  percent  of  its  energy  inflow  from  allochthonous  origins 
and  the  remaining  1  percent,  from  photosynthesis  (Fisher  and  Likens 
197  i ;  Cummins  1971*).  Higher  order  streams  may  also  depend  on  alloch¬ 
thonous  sources  uf  energy. 

87.  As  mucli  as  60  percent  of  the  total  organic  matter  taken  into 
the  stream  from  allochthonous  sources  may  be  in  the  form  of  leaf  litter 
(Cummins  197M-  Additional  allochthonous  materials  may  be  in  the  form 
of  twigs  and  shoreline  debris  or  dissolved  nutrients  from  watershed 
runoff.  Leaf  material  may  be  found  in  suspension  in  the  stream  or 
deposited  on  the  streambed  (Minshn.il  1967).  The  leaves  are  rapidly 
colonised  by  fungi  and  bacteria,  which  aid  in  processing  the  material 
into  fine  particles  and  dissolved  organic  matter.  The  dissolved 
nutrients  released  during  decomposition  are  then  available  for  use  by 
primary  producers.  The  colonizing  fungi  and  bacteria  are  in  turn  used 
as  food  by  the  shredding  and  scraping  invertebrates  that  are  involved 
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in  the  mechanical  aspects  of  leaf  deeomposi ti on .  The  fungi  and  bacte¬ 
ria  may  be  the  primary  source  of  nourishment  for  these  invertebrates, 
since  some  leaves  have  been  shown  to  be  of  little  food  value.  These 
invertebrates,  in  turn,  make  up  the  primary  prey  of  predators  in  the 
higher  levels  of  the  trophic  system  (Cummins  197^). 

6H .  The  structure  and  complexity  of  the  benthic  community  may 
change  with  the  amount  and  variety  of  plant  detritus  present  in  the 
system  (Egglishaw  19o9;  Mackay  and  Kalff  1569).  As  the  organic  material 
breaks  down,  the  variety  of  food  becomes  more  diversified,  producing  a 
similar  response  in  the  invertebrate  community.  Seasonal  shifts  in  the 
diversity  of  the  stream  invertebrates  are  related  to  changes  in  food 
supply  and  other  natural  changes  during  the  life  cycle  of  the  organisms 
(Mackay  and  Kalff  1969). 

69.  Since  many  aquatic  invertebrates  are  able  to  process  organic 
matter  at  low  temperatures ,  much  of  the  organic  material  in  streams  is 
used  during  fall  and  winter.  However,  not  all  of  the  organic  matter 
entering  tile  system  during  fall  is  used.  Some  of  the  material  is 
stored  in  the  slower  deposi tional  zones  of  the  stream,  where  it  remains 
until  used  by  the  stream  biota.  These  zones  act  as  energy  reservoirs 
and  help’  maintain  the  biota  annually.  Material  in  depositional  zones 
may  be  redistributed  during  flooding.  This  redistribution  may  be 
important  in  slow-water  zones,  in  reducing  the  occurrence  of  oxygen 
deficiencies  that  could  develop  during,  extended  periods  of  reduced 
flow. 

90.  Autotrophic  production  varies  as  a  result  of  differing  envi¬ 
ronmental  situations  (e.g.,  changes  in  shading,  turbidity,  water 
velocity,  and  water  chemistry).  Autotrophic  production  is  greatest  in 
streams  with  little  shading  from  streamside  vegetation,  and  in  small 
streams  in  forested  areas  before  and  after  formation  of  a  leaf  canopy 
(spring  and  fall).  Photosynthetic  activity  is  greatly  reduced  in 
heavily  shaded  streams,  even  when  adequate  amounts  of  nutrients  are 
ava i 1 nbl 0 . 

91-  Autotrophy  may  he  the  major  contributor  to  the  energy  budget 
of  large  rivers  or  snail  uncanopied  streams  (Minshall  1976).  Removal 
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of  a  canopy  results  in  a  shift  from  a  heterotrophic  to  an  autotrophic 
system,  as  stream  temperature  and  photosynthetic  production  both 
increase  (Celrotli  and  Marxolf  1978).  Photosynthetic  activity  by 
peri  phytic  alg.ao  takes  place  primarily  in  shallow,  well-oxygenated,  and 
well-lit  stream  bottoms.  The  periphyton  is  usually  the  first  auto¬ 
trophic  component  to  become  established  in  a  stream,  and  is  most  preva¬ 
lent  where  flows  are  least  variable.  Phytoplankton  become  dominant  in 
rivers  and  large  streams  where  depth  and  turbidity  inhibit  benthic 
t  reduction  by  the  attached  algae  (Fisher  and  Carpenter  1976). 

92.  Faster  current  velocity  in  riffle  areas,  as  opposed  to  pools, 
results  in  increased  rates  of  net  primary  productivity  ( Kevern  and  Ball 
1969).  Steep  diffusion  gradients  between  plants  and  available  nutrients 
are  formed  in  the  l’ast-flnwing  water ,  allowing  for  more  rapid  assimila¬ 
tion  of  vit.nl  substances',  by  the  attached  algae  or  macrophytes.  Because 
of  these  si oep  diffusion  gradients,  many  algal  species  grow  best  in 
swift  currents  (>ir>  cm/ sec )  (Whi teford  i960).  Phosphorus  uptake  may  be 
over  1.0  times  greater  and  respiration  over  70  percent  greater  in  swift 
water  ( 1  cm/sec)  than  in  still  water  (Whit ford  and  Schumacher  1961 ) . 

9  i .  Dense,  feltlike,  dark  green  or  brownish  communities,  con- 
si  sting  mostly  of  diatoms,  may  be  established  in  streams  with  swift 
currents  (Me In fire  1 966).  Diatoms  such  as  Oomphonema ,  Diatoma,  or 
ilavi eul a ,  which  require  high  light  intensities  and  solid  substrates, 
are  commonly  found  in  swift  streams  in  association  with  filamentous 
algae  such  as  Cl a< leghorn .  The  accumulation  of  attached  algae  on  gravel 
and  nibble  is  more  rapid  in  fast  currents,  but  the  growth  stabilizes 
after  a  time  and  the  total  biomass  per  uni ‘  area  is  similar  to  that  in 
slower  currents.  However,  higher  product.  1 vi ty  is  maintained  in  the 
faster  current,  allowing  a  greater  export  of  biomass  (Melntire  1966) . 

9f>.  Clow  currents  (<19  cm/sec)  may  allow  associations  of  green 
filamentous  algae  (including  ot i geocl on  him ,  Oedogonium  ,  and  Tribonema ) 
to  level op  (Melntire  1066).  These  associations  appear  as  bright  green 
aggregations  similar  to  those  found  in  ponds.  Concentrations  of 
organic  mat. ter  are  usually  higher  in  st. reams  dominated  by  green  algae 
than  in  those  dominated  by  diatoms. 


Conversion  from  a  diatom-moss 


association  to  a  community  of  filamentous  green  algae  (possibly 
associated  with  rooted  aquatic  macrophytes  or  diatoms)  may  indicate  a 
shift  to  a  more  autotrophic  stream  system  (Cummins  197*0. 

95.  Maerophytic  vegetation  develops  in  streams  where  flows  are 
relatively  stable.  This  vegetation  is  seldom  consumed  and  therefore 
does  not  directly  contribute  to  higher  trophic  levels  while  alive 
(Cummins  et  al .  1973;  Fisher  and  Carpenter  1976),  although  they  may 
serve  as  a  surface  for  periphyton.  However,  when  the  vegetation  dies 
and  decomposes,  it  contributes  organic  matter  to  the  system.  Streams 
subject,  to  severe  changes  in  flows  physically  limit  the  development  of 
significant  plant  growth.  Additionally,  ttiese  plants  are  not  found 
where  insolation  to  the  stream  in  low  or  where  the  water  is  relatively 
deep  and  turbid. 

Tai  1  wat  el's 


96.  A  variety  of  types  of  organic  matter,  leaves,  POM,  algae, 
etc.,  must  be  present  it:  the  stream  to  maintain  ecosystem  diversity 
(Cummins  1977).  However,  reservoirs  act  as  particle  traps,  interfering 
with  the  passage  e:‘  detritus  i tit •  the  1  ai  1  water .  As  a  result,  detrital 
material  from  the  watershed ,  important  in  energy  transformation  in 
natural  streams,  is  largely  unavailable  to  a  tai 1  water  system. 

97.  nutrient,  material  present  in  the  clear  discharges  of  hypolim- 
netie  release  reservoirs  is  primarily  in  a  dissolved  state  as  a  result 
of  decomposition  by-products,  that  accumulate  in  the  hypolimnion  (Odum 
1971).  Water  discharged  from  the  hypolimnion  may  be  more  fertile  than 
that  from  the  epi  1  imnion  because  ol’  the  concentration  of  these  dis¬ 
solved  nutrients  in  the  deep  water. 

06.  Tailwaters  immediately  below  hvpolimnetic  release  dams  are 
autotrophic  because  concentrations  of  dissolved  nutrients  are  increased 
•in  i  turbidity  is  decreased.  The  clear,  nutrient-rich  discharges  are 
particularly  important,  in  tailwaters  with  stabilized  flows  because  they 
facilitate  the  production  of  dense  algal  growths  (Ctober  1963;  Ward 
1976b) .  However,  as  t.he  water  moves  farther  downstream,  conditions 


(i.e.,  increased  turbidity,  reduced  nutrient  availability)  become  less 
conducive  to  algal  production.  The  gradual  increase  in  the  detritus 
load  due  to  allochthonous  input  results  in  a  reversion  of  the  tailwater 
to  a  heterotrophic  condition  in  which  the  algal  community  plays  only  a 
relatively  limited  role.  It  may,  therefore,  be  possible  for  a  section 
of  stream  below  a  reservoir  to  shift  from  an  autotrophic  system  in  the 
immediate  tailwater  area  to  a  heterotrophic  system  downstream,  with  an 
area  of  transition  in  between. 

99-  Two  genera  of  filamentous  green  algae,  Cladophora  and 
Ulothrix ,  are  commonly  found  below  deep-release  reservoirs  (Stober  1963 
Ward  1976b).  Mats  of  Cladophora  were  located  in  riffles  in  the  first 
9.6  km  below  Tiber  Reservoir,  Montana  (Stober  1963).  The  formation  of 
these  algal  mats  may  physically  inhibit  the  production  of  the  most 
desirable  fish  food  organisms  but  may  attract  other  taxa  (Welch  1961 ; 
Ward  1976b).  The  algal  mats  may  act  as  barriers  to  organisms  that 
require  deeper  substrates  for  completion  of  their  life  cycles  (Armitage 
1976) . 

100.  Water  discharged  from  surface-release  reservoirs,  whether 
stratified  or  not,  may  contain  significant  amounts  of  plant  debris  and 
detritus,  but  the  primary  source  of  organic  matter  in  the  tailwater  is 
plankton  produced  in  the  reservoir.  Plankton  can  be  used  directly  by 
secondary  consumers  in  the  tailwater  or,  after  death  and  decomposition, 
may  add  to  the  particulate  organic  matter  that  is  available  to  both 
primary  and  secondary  consumers.  Thus,  most  surface  discharges  from 
reservoirs  supply  particulate  organic  matter  to  tailwaters,  and  deep 
discharges  supply  dissolved  organic  matter. 

101.  Phytoplankton  may  occur  in  zones  of  the  tailwater  where  the 
water  velocity  is  reduced  and  the  streambed  widened,  and  adequate 
nutrients  are  available.  However,  phytoplankton  numbers  decrease  as 
the  water  flows  farther  downstream  because  of  depletion  of  nutrients, 
increased  turbidity,  and  simple  mechanical  destruction  (Hartman  and 
Himes  1961 ) . 

LOP.  Storage  of  inflowing  water  for  extended  periods  (o.g.,  as  in 
flood  control  reservoirs),  accompanied  by  reduced  downstream  releases, 


may  rcsul  <  in  bunk  st.abi  1  L/.at  ion  ami  the  eventual  establishment  of 
st  retuns  ide  vegetation  in  tailw.ater  reaches.  Streamside  vegetation  in 
these  areas  increases  both  the  amount  of  shade  and  the  quantity  of 
a  li  oehthonous  materials  in  the  t.rii]  water.  The  est.abl  isiiment  of  macro- 
phytic  vegetation  and  peiMphytic  .algal  growths  are  also  enhanced  when 
stabilised  flows  are  accompanied  by  reduced  turbidities  (Ward  197ob). 

101.  Management  schemes  for  some  reservoirs  require-  that  dis¬ 
charger  be  released  at  irregular  intervals.  For  example,  releases  from 
flood  centre!  reservoirs  may  be  erratic,  since  they  usually  depend  on 
duration  and  amount,  of  rainfall  in  the  watershed.  These  flow  irregu¬ 
lar  i  t  i«-s  result  it!  a  brief  buildup  of  detrit.nl  material  in  the 
s'ros.nt'd  >*•  t.lie  tail  water  during  minimum  releases.  The  subsequent 
rei'-’oa-  of  run..!’;’  waters,  f  r.  •«;  the  reservoir  mu,v  scour  the  tai  lwater , 
remit,  isig  it;  a  nhyr.ical  disruption  and  .-literal  ion  of  the  stream  similar 
>  ■  *  i.at  i:  a  nn t.ural  st  ream  nfte-  a  heavy  rainfall  (Trotsky  1071).  The 
iv'r  i  die  re)  ear.t'r.  may  sweep  the  si  re.-unbed  free  of  accumulations  of  loaf 
i  i  ‘  ter  an  I  det.ri  I  ur  lot  -site,]  by  adjacent  st  reams ide  vegetal  ie.n  (Ward 
1 9  '>'!.) .  The  t.a  ilwit..-r  is  thus,  denied  an  important  source  ef  energy 
(Had  ford  and  {{art  [an  .'-Howe  197:). 

!()•'..  In  ‘.a  {!  waters  subject  In  daily  variaf  ions,  it:  water  relea.se 
(•  .  ,  :■■■■.  k  :  >w<  -)•  hydro:  over  faci  lit  its),  detritus  and  sediment  ;i  re 

y  i'  i  u.'le  ■■ :  away  (Ward  l!.ri’f>n).  F.tif  t  el -.men  t.  with  particulate 
•‘•.••ante  mu't.-r  is  :-,arg,inal  at  host,  part,  i  cal  a  r  1  y  near  the  d.arti ,  at.d 
• !,.  ru'k  of  d>  t.r  i  t  ur  pi  aces  furl  iter  stress  on  i.  It  t.ropiiie  structure 
>!*  ‘  hose  waters..  !  uet.u.a.1  i  otis  iii  water  level  increase  si  re:  imbed  ami 
t-nk  •'•••-.si  on  t  hereby  i  nr  rear  i  tig  turbidity  and  d  i  senura.g  i.ng  the  estab- 
;  i  shr-on*  of  r.tre*u:ib.ank  veget.a  lion  ami  s  ‘  res  tribes  a  1  g.al  growth.  These 
.•  n  i  i  •  ions  may  rri  t  imPy  limit  t.lie  tail  water  bio'-t,  which  might  other - 
w  i  se  I, hr  i  ve  . 

!  Oh .  Ta  i  Iw.at  its.  arc  highly  modified  environments  that.  may  be 
s  ibs'".'t.  to  i-xtreme  cotni  i  i  ions  not  norma  1  ly  f  'um!  iti  nat  ural  streams, 
p.'caus..  ■  of  f  | .  Ri,-i  f  Vi  cut  ions,  the  tail  water  biota  may  be  disrupted  or 
■  -aha  ti  I  .  if  i  t  h .  •  r  di-Vn  I  onmetit  will  result-  i  it  tile  creation  of  a  trophic 
.s  s.i>->  •  ruich  t  i  ;‘f,.  rent,  from  that  normal  ly  found  in  an  una  1  terod  stream. 


PART  VI :  AQUATIC  INVERTEBRATES  IN  TAILWATERS 


Invertebrate  Ecology- 


Streams 

106.  Benthic  stream  communities  are  extremely  dynamic  and  are  com¬ 
posed  of  a  large  number  of  species  (Patrick  1970).  Many  have  intricate 
life  cycles  adapted  for  survival  in  the  changing  environment  found  in 
most  streams  (Brusven  et  al .  1976).  Their  life  cycles  are  characterized 
by  short  generation  times,  high  reproductive  potentials,  and  reduced 
body  sizes  (Patrick  1970).  The  adults  of  most  important  stream  insects 
are  terrestrial,  short-lived,  and  concerned  only  with  breeding  and 
dispersal  (Hynes  1970). 

107-  The  bottom  fauna  is  not  randomly  scattered  and  its  distribu¬ 
tion  results  from  interaction  of  the  invertebrate's  habitat  requirements 
with  the  varying  environmental  conditions  that  exist  in  different  areas 
of  the  stream  (Allen  19*59) •  The  mosaic  pattern  of  distribution  ex¬ 
hibited  by  benthic  organisms  is  primarily  determined  by  current  veloc¬ 
ity,  substrate  type,  and  food  availability  (Ward  1976a;  Minshall  and 
Minshall  1977).  In  addition,  temporal  and  spatial  temperature  differ¬ 
ences  affect  the  presence  of  both  individual  species  and  life  stages. 
Temporary  colonization  of  microhabitats  produced  by  changes  in  these 
variables  increase',  the  taxonomic  diversity  of  the  stream  benthos  and 
ensures  a  year-round  food  supply  for  fish  (Ward  1976b).  Outside  inter¬ 
ferences  (e.g.,  pollution,  impoundment)  in  a  stream  system  tend  to 
reduce  the  benthic  diversity  as  a  result  of  the  reduced  diversification 
of  available  microhabitats  (Ward  1976a). 

10b.  FI ow .  Current  velocity  may  have  the  most  influence  on  the 
regulation  of  invertebrate  distribution  and  abundance,  especially  at 
specific  sites  in  the  stream  (Chutter  1969;  Giger  1973).  However,  the 
influence  of  current  velocity  on  invertebrate  densities  in  different, 
sections  of  the  stream  may  be  masked  by  the  effects  of  other  variables 
(Chutter  1969).  Gome  stream  organisms  have  morphological  respiratory 
and  feeding  demands  that  require  them  to  position  themselves  in  flowing 
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water  (Ward  1976a).  As  long  as  the  stream  velocity  remains  relatively 
high,  and  the  supply  of  food  and  oxygen  is  adequate,  these  organisms  can 
survive  (Bovee  1979).  However,  life  stages  adapted  to  fast  water  die 
when  subjected  to  slow  current  and  reduced  oxygen  because  they  are  phys¬ 
iologically  unable  to  adjust  to  the  altered  conditions.  Relatively  high 
stream  velocities  are  required  to  ventilate  the  delicate  gills  of  these 
organisms  and  they  must  be  exposed  to  the  current  (Giger  1973;  Armitage 
197b).  In  addition,  filter-feeding  insects  are  deprived  of  food  if  the 
current  fails  to  carry  materials  into  their  food-gathering  nets. 

109.  Many  stream  organisms  move  about  in  a  "boundary  layer"  or 
dead-water  zone  (up  to  1  mm  in  thickness)  near  the  interface  of  the 
substrate  and  water  where  current  velocities  are  substantially  reduced 
(Ar.buhl  1999;  Ward  1976a).  The  boundary  layers  and  dead-water  zones 
formed  in  and  around  substrate  components  provide  many  types  of  habitat 
and  locations  for  invertebrates.  Rough  substrates  result  in  an  increase 
in  thickness  of  these  boundary  layers  and  a  tendency  toward  more  rapid 
reduction  in  the  current  velocity  (Bovee  1975). 

JIO.  Strong  stream  currents  discourage  free-swimming  invertebrates. 
Insects  living  in  the  swi ft -water  areas  are  morphologically  modified  to 
withstand  the  mechanical  forces  of  the  current.  Most  adaptations  enable 
insects  t.o  avoid  many  of  the  adverse  effects  of  strong  currents  by 
keeping  their  bodies  away  from  the  force  of  the  flow  (Hynes  1970). 
Fusiform,  flattened,  and  streamlined  bodies  aid  survival  in  swift 
currents  by  enabling  insects  to  "crouch"  in  the  boundary  layer.  Because 
morphological  modifications  force  them  to  face  upstream,  most  voluntary 
movement  is  upstream  (Hynes  1970).  Temporary  attachment  structures  are 
common  adaptations  that  enable  insects  to  release  and  reattach  them¬ 
selves  after  a  period  of  uncontrolled  movement  in  the  current.  Some 
organisms  construct  cases  of  small  stones,  detritus,  or  silk  that  are 
anchored  firmly  to  the  substrate.  These  organisms  catch  organic 
part  ides  from  the  water  by  either  using  morphological  filtering 
mechanisms  or  constructing  riots. 

111.  Reduced  current  velocities  limit  the  abundance  and  diversity 
of  swi ft -water  invertebrate  communities,  either  physically  because  of 


silt.ation  or  physiologically  because  of  inadequate  oxygen  and  nutrient 
exchange  (Giger  1973).  An  extreme  reduction  in  current  eliminates 
species  that  are  dependent  on  flow  for  respiration  and  food  procurement 
(Sprules  19^7). 

112.  Freshets,  flow  cessation,  riffle  sedimentation,  water  level 
fluctuations,  and  unstable  substrates  result  in  changes  in  the  species 
composition  and  may  catastrophically  reduce  the  stream  fauna  (Sprules 
19^7 ;  Peterson  1977).  Severe  floods  and  spates  scour  and  flush  insects 
from  the  streambed,  leaving  only  the  species  able  to  withstand  the  in¬ 
creased  flows  (Hynes  1970).  Scouring  may  reduce  the  numbers  of  insects 
in  a  particular  section  of  a  stream  by  50  percent  (Sprules  19^7). 

113.  Spates  that  scour  the  stre:im  substrate  result  in  temporary 
dislocation  and  dispersal  of  invertebrates,  but  the  density  and  struc¬ 
ture  of  the  community  may  recover  to  preflood  conditions  within  30  days 
if  the  insects  are  not  dispersed  over  great  distances.  After  seven 
floods  in  Big  Buffalo  Creek,  Missouri,  the  structure  of  the  invertebrate 
riffle  community  was  very  similar  to  that  found  in  the  same  location 
before  the  floods  (Ryck  1976).  Apparently,  enough  organisms  are  left 
after  spates  or  other  disturbances  to  repopulate  the  stream  section. 

They  escape  the  effects  of  the  disturbances  by  maintaining  themselves 

in  the  protected  areas  of  the  stream  where  flow  is  reduced  (Patrick 
1970). 

lilt.  Most  stream  organisms  are  protected  from  the  effects  of 
severe  flooding  and  relatively  short  periods  of  dewatering  because  they 
are  imbedded  in  the  upper  15  to  92  cm  of  the  gravel  substrate  (Hynes 
197M.  The  movement  of  tri ehopterans  into  deeper  strata  of  the  stream 
bottom  may  be  indicative  of  their  response  to  scouring  or  to  increased 
sediment  loads  that  accompany  flood  waters  (Poole  and  Stewart  1976). 

In  addition,  extended  hatching  periods  and  firmly  attached  eggs  also 
ensure  that  certain  species  are  not.  eliminated  during  stream  distur¬ 
bances  (Hynes  1 97 0 ) .  The  repopulation  of  a  riffle  sections  is  probably 
a  result  of  a  combination  of  several  factors,  including  downstream  drift, 
upstream  larval  movement,  and  upstream  egg-laying  flights  of  adults 
(Ryck  1976). 
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115-  flubstrate  type.  In  most  streams,  pools  and  riffles  form  the 
most  distinctive  types  of  habitat.  Formation  of  pools  and  riffles  is  a 
combined  process  of  dispersion  and  sorting  of  the  bottom  materials. 

Pools  are  associated  with  stream  bends,  and  riffles  with  crossings  and 
inflections  in  the  streambed.  Fine  particles  are  washed  away  from 
riffles  and  deposited  in  pools,  leaving  only  the  larger  gravels  and 
rubble  in  the  riffle  area  (Yang  1971).  Riffles  provide  optimal  environ¬ 
mental  conditions  for  many  species  and  are  diverse,  productive  inverte¬ 
brate  habitats.  Invertebrates  produced  in  riffles  may  potentially  be 
swept  into  the  pools,  where  they  are  likely  to  be  eaten  by  fish 
(Peterson  1977).  More  insects  are  usually  produced  in  riffles  than  in 
pools  or  on  bedrock  or  submerged  vegetation  because  current  velocities 
are  higher  in  riffles  and  rubble  substrates,  increase  the  availability 
and  number  of  microhabitats.  Insects  inhabiting  the  pool  areas  are 
similar  to  those  found  in  ponds  and  lakes  and  feed  on  the  accumulation 
of  organic  matter  that  forms  sediment  (Kriunholz  and  Neff  1970;  Cummins 
1970). 

1.1 6.  Intermediate  zones,  which  may  occur  between  stream  riffles 
•inti  pools,  are  called  "runs"  (Luedtke  of.  :il  .  1971').  These  are  areas  of 
moderate  flow  over  relatively  shallow  stretches  of  the  stream  and  may 
be  deposi tionnl  or  orosional,  depending  on  the  current  velocity.  The 
identity  and  abundance  of  benthic  fauna  present  are  determined  by 
whether  the  area  is  in  a  deposi tiona'I  or  erosional  zone. 

117.  The  benthic  fauna  associated  with  specific  substrate  types 
generally  forms  a  well-defined  community.  Any  change  in  the  substrate 
results  in  an  accompanying  change  in  invertebrate  species  (Oprules 
1 9'*T ;  DeMnrch  1976).  Large  rubble  (1*5-70  mm  in  diameter)  has  a  variety 
of  iiueroh'ibi  tats,  which  may  be  inhabited  by  all  sizes  of  insects.  This 
typo  of  substrate  is  found  in  swiftly  flowing  areas  of  streams  where 
mailer  sized  substrate  materials  are  washed  away.  The  organisms 
fount!  hero  are  adapted  t.o  living  in  habitats  that  offer  reduced  contact 
with  the  current  (Cummins  196b).  Invertebrates  able  to  survive  in 
small-particle  (r>-Pr>  mm)  substrates  are,  by  necessity,  small  and 


resilient  (gprules  19^*7).  Their  mierohabitats  are  commonly  destroyed 
or  altered  during  high,  irregular  flows. 

118.  Manipulations  of  streamf low  may  alter  the  detrital  "trap" 
capacity  of  the  substrate  and  ultimately  affect  species  composition  and 
stream  productivity.  Omall  detrital  particles  and  silt  tend  to  accumu¬ 
late  excessively  in  the  interstices  of  small-particle  substrates, 
whereas  in  rubble  habitats  the  interstices  are  swept  clean  by  the 
current.  As  a  result,  many  aquatic  insects  prefer  substrates  composed 
of  moderately  si  bed  (pf-Vt  mm)  particles  because  they  serve  as  a  better 
benthic  food  trap  without  reducing  habitat  diversity  (Rabeni  and 
Minshall  1977). 

119.  Some  species  of  insects  are  able  to  take  advantage  of  in¬ 
creased  sedimentation,  but  usually  suspended  and  settled  sediments 
adversely  affect  the  invertebrate  population.  At  low  flows  and  reduced 
current,  velocities,  silt  and  sand  seal  the  interstices  in  a  rubble 
substrate.  This  sealing  restricts  access  to  the  undersurfaces  of  the 
stones  and  generally  reduces  the  number  of  usable  habitats.  The  sedi¬ 
ment  is  easily  displaced  int..  suspension  at  higher  flows  and  settles 
out.  in  dopes i !  i ona !  ::ones  where  flows,  are  reduced.  The  problems 
caused  by  sediments  are  sometimes  lessened  by  the  development  of  car¬ 
pets  of  algae  over  »  he  r-treanbod  ,  which  may  replace  mierohabitats 
filled  in  witli  sediment  ( Rrusven  and  Prather  197M  • 

1 Macro i  nvortobrat  on  apparently  migrate  out  of  areas  exposed 
to  heavy  sediment  loads,.  Their  response  to  sedimentation  is  rapid,  and 
only  a  few  days  art'  required  for  numbers  to  decrease  significantly. 
Conversely,  their  response  to  a  decrease  in  sedimentation  results  in  a 
rapid  recovery  of  the  community.  Candy  substrates  are  generally  un¬ 
suitable  for  insect  production  because  of  the  instability  of  the  sand 
part  icier,  and  the  thinness  of  the  protective  "boundary  layer."  Up¬ 
stream  movement  of  riffle  insects  in  sandy  areas  is  generally  precluded 
by  the  effects  of  current  on  the  fine,  loosely  compacted  sediments.  Low 
current  velocities  and  rubble  substrate  facilitate  upstream  movement  of 
invertebrates  (Loudtki  and  Rrusven  1  97 < ' )  . 


Itl 


121.  Food .  A  mature  stream  ecosystem  is  highly  diverse,  and 
includes  complex  food  webs  (Krumholz  and  Neff  1970).  The  increased 
complexity  of  links  in  the  food  web  increases  the  chances  of  survival 
of  the  stream  community.  A  fluctuating  autochthonous  food  supply 
supplemented  by  allochthonous  nutrients  increase:  survival  because 
species  are  not  restricted  to  a  single  food  item  [ fussell-Hunter  1970). 

122.  Although  benthic  crustaceans,  mollusks,  and  other  small 
invertebrate  life  might  be  present,  aquatic  life  stages  of  insects  are 
the  most  abundant  forms  of  primary  consumers  in  most  streams.  Their 
diets  vary  greatly  (e.g.,  the  forms  represented  may  include  herbivores, 
detritivores ,  carnivores,  and  omnivores)  and  some  forms  shift  from  one 
source  to  another  seasonally  (Chapman  and  Demory  1963) .  A  change  from 
herbivory  in  the  early  instars  to  carnivory  in  the  later  instars  is 
common  (Anderson  and  Cummins  1979). 

123.  Food  gattiering  and  the  associated  morphological  and  be¬ 
havioral  adaptations  are  the  most  important  functions  of  animal  con¬ 
sumers  in  a  lotic  system  (Cummins  1972).  Food  habits  are  more  closely 
related  to  the  size  of  the  organism  than  to  the  species.  Most  early 
life  stages  and  small-sized  insects  feed  primarily  on  detrital  com¬ 
ponents  (Cummins  1972).  Aquatic  insects  are  opportunistic  and  are  able 
to  adjust  to  differing  availabilities  of  food ;  very  few  are  strictly 
herbivores  or  strictly  carnivores.  Minshall  (1967)  noted  the  presence 
in  a  small  benthic  community  of  I -h  percent  herbivores,  3  percent 
carnivores,  and  83  percent  omnivores.  Food  availability  is  generally 
not  a  limiting  factor  for  mobile  stream  organisms  because  they  are 
able  to  actively  seek  food  (Krumholz  and  Neff  1970). 

12h.  Macrophytic  communities  often  shelter  larger  and  more  varied 
populations  of  invertebrates  when  they  are  composed  of  plants  with 
finely  divided  leaves,  rather  than  plants  with  simple  leaves.  Herbi¬ 
vores  harvest  periphyton  from  the  surface  of  the  leaves  and  use  the 
maze  of  vegetal:  »n  for  shelter  and  protection  (iinrrod  1Q6U ) . 

189.  The  riffles  may  provide  a  number  of  diverse  foods  for  inver¬ 
tebrates,  ranging  from  plant  detritus  lodged  under  stones  to  clumps  of 
algae  and  moss  associated  wi  t,h  the  stream  bottom.  The  accompanying 


invertebrate  communities  may  differ  greatly  among  the  various  types  of 
food  sources  (Egglishaw  I969K 

126.  The  food  base  of  invertebrates  living  in  slow-water  areas  or 
pools  primarily  depends  on  the  deposition  of  detrital  material  washed 
in  from  upstream.  Water  in  pools  may  be  too  turbid  and  the  current  too 
slow  to  allow  the  establishment  of  sufficient  benthic  algal  growths, 
and  too  deep  to  allow  the  development  of  significant  quantities  of 
macrophytes . 

127.  The  aquatic  insect  component  of  the  stream  benthos  has  been 
classified  into  four  feeding  types:  shredders,  scrapers,  collectors, 
and  predators  (Cummins  1973).  The  life  cycles  of  shredder -type  aquatic 
insects  are  closely  associated  with  leaf  fall  in  autumn.  Most  of  their 
growth  and  development  occurs  during  late  fall  and  winter.  These 
organisms  are  able  to  adjust  their  growth  rates  to  the  relative  avail¬ 
ability  and  quality  of  food.  Observations  on  shredders  have  indicated 
a  positive  selection  of  leaf  material  that  is  heavily  colonized  by 
microorganisms,  both  on  the  surface  and  throughout  the  matrix  of  the 
leaf  particle  (Anderson  and  Cummins  1979). 

123.  tempers  are  dependent  on  the  production  of  an  autochthonous 
food  source  from  which  they  literally  "scrape  away"  required  food 
particles.  The  nutritional  content,  of  this  potential  food  source 
(mostly  algae)  is  much  higher  than  that  of  a  detrital  food  source 
(Coffman  et  al .  1971).  These  organisms  are  most  often  in  the 
mainstream  channel,  where  the  dominant  foods  are  diatoms  and  fila¬ 
mentous  green  algae  (Cummins  1972). 

129.  Collectors  filter  fine  particulate  organic  material  contain¬ 
ing  surface  colonies  of  bacteria  and  fungi  from  the  stream  flow.  The 
assimilation  of  nutrients  by  filter  feeders  is  inefficient  and  much  of 
the  material  is  passed  downstream,  unmodified,  where  it  may  be  rein¬ 
vested  by  other  organisms.  This  process  results  in  a  type  of  unidirec¬ 
tional  "spiralling"  cycle  in  which  many  organisms,  each  feeding  on 
different  components,  are  able  to  utilize  filterable  organic  material. 
Without  this  filter-feeding  community,  much  of  the  suspended  organic 
material  would  pass  through  the  system  unused  (Wallace  et  al .  1977). 
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130.  Predatory  insects  have  high  assimilation  efficiences, 
largely  because  the  nutritional  quality  of  their  prey  is  very  high. 
However,  the  quantity  of  prey  may  vary  and  is  usually  limiting 
(Anderson  and  Cummins  1979). 

111.  Feeding  habits  partly  determine  the  location  and  limit  the 
presence  of  invertebrate  types  in  a  stream.  Filter  feeders  live  in 
moving  water  with  a  seston  load,  scrapers  in  areas  where  algal  growth 
is  most  apt  to  become  established,  shredders  in  areas  of  leaf  litter 
and  detrital  accumulation,  and  predators  in  any  or  all  of  the  available 
feeding  locations,  depending  on  the  abundance  of  the  potential  prey 
population . 

137.  Tempe nature.  Diurnal  temperature  fluctuations  are  generally 
required  for  normal  growth  and  development  of  stream  insects,  whereas 
static  temperatures  are  usually  disadvantageous  (Ward  1976c).  Life 
histories  of  most  stream  organisms  are  geared  to  annual  temperature 
cycles  which  synchronize  the  particular  life  stages  and  stimulate 
growth  (iivnes  1970;  Gore  1977).  Triggering  mechanisms  for  excystment , 
encyst  men!,  and  other  vital  developmental  processes  may  not  be  stimu¬ 
lated  when  temperatures  remain  unchanged ;  differences  of  a  few  degrees 
affect  development.:)]  timer,  and  durations.  Higher  temperatures  are 
accompanied  by  reduced  concentrations  of  dissolved  oxygen  and  increased 
metabolic  demands ,  and  cool  temperatures  produce  a  metabolic  slowdown 
( Boyce  1975) •  The  absence  of  a  certain  species  from  a  stream  section 
may  result,  from  one  of  the  specific  temperature  requirements  not  being 
met  .  For  example,  Kpeorus  sp. ,  a  hoptageniid  ephemeropteran ,  has  been 
shown  to  require  near-freezing  temperatures  for  a  certain  length  of 
lime  for  the  development  of  diapausing  eggs.  Additionally,  newly 
hutched  nymphs  require  an  extended  period  (2.S-1)  months)  of  relatively 
high  temperatures  (l8-28°0)  for  normal  development  and  maturity  (Britt 
196,2) . 

133.  Numbers  and  biomass  of  invertebrates  in  the  streambed  may 
fluctuate  radically  because  of  differing  rates  of  development  and 
emergence  (Patrick  1962).  Invertebrates  emerge  in  the  same  sequence 
each  year,  but  the  dates  of  first,  emergence  and  the  duration  of  the 
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hatch  vary,  depending  on  water  temperatures  (Sprules  19^7).  Insects 
may  emerge  to  mate  and  deposit  eggs  all  year,  but  the  greatest  emergence 
takes  place  during  the  evening  hours  in  spring  and  early  summer  (Chapman 
1966).  During  emergence,  the  population  of  a  particular  species  in  the 
stream  may  be  reduced  to  near  zero  (Hooper  1973;  Brusven  et  al.  1976). 
Alterations  in  stream  temperature  during  this  time  may  cause  an  extended 
period  of  ovinositiori,  resulting  in  several  ages  and  sizes  of  nymphs 
(Minnhall  19('»3).  Competition  among  the  progeny  of  a  species,  as  well 
as  between  various  insect  species  with  similar  life  requirements,  may 
be  partly  averted  by  the  staggered  deposition  of  eggs  anu  subsequent 
differences  in  developmental  rates  (Minshall  l 968).  The  early  stages 
of  many  aquatic  invertebrates  are  small  and  essentially  unavailable  as 
fish  food  (Chapman  1966) . 

13^.  Densities  of  insects  may  vary  seasonally,  depending  on 
species  composition.  In  northern  temperate  streams,  the  benthos 
generally  reaches  a  numerical  maximum  in  the  fall  and  early  winter 
after  eggs  hatch  (Cummins  1973).  Periods  of  maximum  stream  inverte¬ 
brate  biomass  may  not  occur  concurrently  with  the  numerical  maxima. 

The  greatest  invertebrate  biomass  generally  occurs  in  the  spring  and 
fall  during  peaks  of  growth .  The  abundance  of  organisms  with  short 
life  cycles  varies  considerably  with  environmental  conditions  (Patrick 
196.').  Tf  they  reach  maturity  by  fall,  additional  eggs  are  deposited 
which  undergo  development  during  the?  winter  months  (Cummins  1973). 

Come  species,  however,  require  a  full,  year  of  development  to  reach 
mat.ur  i  t.v . 

1-n.  -di ; y j  roiiF.onlal  stress.  Benthic  stream  macroinvertebrates 
have  traditionally  been  good  indicators  of  past  and  present  environ¬ 
ment  a  t  si  because  of  their  Long  life  cycles  and  relatively  sedentary 

behavior.  Changes  in  community  structure  are  sensitive  indicators  of 
et iv i r  nmeiCa]  alterations  (Cairns  and  Dickson  1971).  The  most  sensitive 
.-•pee i os  ire  eliminated  from  the  stream,  resulting  in  diminished  compe- 
t.iMon  among  t  lie  surviving  organisms.  Only  those  species  able  to 
tolerate  a  wide  range  of  environmental  conditions  are  able  to  survive 
when  life  requirements  become  limiting  (Bradt.  1977). 


136.  Short-term  exposure  of  the  stream  community  to  intolerable 
conditions  may  result  in  alteration  of  the  diversity  and  density  of  the 
fauna.  More  tolerant  species  increase  in  number,  because  of  the  lack 
of  competition,  until  they  reach  their  limits  of  space  and  food  (Cairns 
and  Dickson  1971).  Additional  alteration  of  an  already  stressed  environ¬ 
ment  will  eliminate  one  or  more  of  the  remaining  species,  resulting  in 

a  major  reduction  in  the  standing  crop. 

Tailwaters 

137.  Invertebrate  living  conditions  in  a  tailwater  are  different 
from  those  in  a  natural  stream  and  are  dependent  primarily  on  the 
characteristics  of  the  reservoir  discharge.  To  survive,  benthic 
organisms  must  be  able  to  adapt  to  the  changes  in  primary  production 
and  the  altered  physical-chemical  characteristics  of  the  tailwater 
system  (Krumholz  and  Neff  1970;  Jonasson  1975). 

138.  The  effects  of  reservoir  releases  on  the  downstream  biota 
depend  on  the  type  of  dam  and  the  subsequent  flow  patterns,  release 
depths,  and  resiliency  of  the  natural  stream  benthos.  Macroinverte¬ 
brate  species  composition  and  diversity  may  either  be  substantially 
enhanced  or  reduced,  depending  or;  the  characteristics  of  the  flow  in 
the  tailwater  (Ward  1976a).  The  benthos  below  reservoirs  generally 
respond  to  the  unnatural  conditions  with  reduced  taxa  and  increased 
numbers  of  certain  species  ( d ponce  and  Hynes  1971a).  Tailwater  in¬ 
sects  are  smaller  and  are  considered  to  be  of  marginal  food  value  for 
fish  (Powell  1988;  Bauer  197*').  The  number  of  species  increases 
progressively  downstream  in  response  to  the  greater  availability  and 
varied,  of  microhabi ta* s  arid  the  presence  of  increased  quantities  of 
detritus  '•■om  streams! de  vegetation  and  runoff  (Hooper  1973;  McGary 
and  Harp  1973).  However,  total  numbers  of  individuals  may  be  highest 
near  the  dan,  since  systems  with  few  species  often  are  more  productive 
and  support  a  greater  biomass  than  those  with  many  species. 

119-  Factors  which  inhibit  benthic  populations  in  tailwaters  in¬ 
clude  alterations,  in  natural  yearly  temperature  changes,  isothermal 
temperatures,  si  Ration  (in  some  flood-control  sites),  daily  water-level 
f  1  tie* .tint  i  otis  ,  streambed  scouring,  reduced  concentration  of  particulate 


organic  matter,  altered  water  quality,  and  seasonally  altered  flows 
(Van Leek  1967;  Hoffman  and  Kilambi  1970;  Isom  197-1;  Ward  1976b).  Con¬ 
versely,  stabilised  flows,  decreased  turbidit ies ,  the  introduction  of 
seston  from  the  reservoir,  increased  nutrient  availability,  and  the 
growth  of  algae  and  moss  increase  benthic  standing  crops.  The  magnitude 
of  the  inhibiting  and  beneficial  effects  depends  on  the  schedule  of 
water  release,  the  withdrawal  depth,  and  the  length  of  time  water  has 
been  retained  in  the  reservoir. 

1 a 0 ,  Fluctuating  flows.  High  releases  following  periods  of  little 
or  no  flow  result  in  scouring  and  turbidity,  and  fluctuating  water 
levels  cause  increased  bed  and  bank  instability  (Ward  1976a).  Reduced 
flows  result  in  decreases  in  wetted  perimeter,  depth,  surface  area, 
and  current  velocity.  Water  temperatures  during  these  periods  become 
increasingly  subject  to  ambient  atmospheric  influences  (Pfitser  196?; 
Ward  1976a).  The  extreme  changes  in  flow  often  create  conditions  that 
are  unsuitable  for  most  stream  benthos.  Because  of  this,  invertebrates 
are  least  abundant  in  i trailed i ate  tailwater  areas  that,  are  subject  to 
extreme  periodic  flow  fluctuations.  Insect  densities,  in  the  tailwater 
may  be  as  much  as  10  times  less  than  those  of  streams  flowing  into  the 
reservoir  (Powell  1958;  Trotsky  1971).  However,  downstream  moderation 
•'f  the  effects  of  flow  fluctuation  often  results  in  the  gradual  in¬ 
crease  o'  invertebrate  densities  (Radford  and  Hartland-Rowe  1971; 

Trotsky  and  Gregory  1971*;  Ward  1976b). 

1 U 1 .  Continually  fluctuating  flows  interfere  with  the  establish¬ 
ment  of  a  stable  benthic  community  because  of  the  preference  of  various 
species  for  a  narrower  range  of  environmental  conditions  (Pearson  et  al. 
1968) .  Daily  water  level  fluctuations  generally  reduce  the  production 
arid  standing  .■••op  of  stream  invertebrates  by  eliminating  both  the 
benthic  food  base  and  the  benthos  (Rovee  1975;  Ward  1976a).  This 
•situation  is.  particularly  obvious  below  hydropower-  projects  where 
maximum  discharges  occur  during  periods  of  peak  power  demand  and 
minimum  discharges  when  power  demands  are  lessened.  In  these  instances, 
two  entirely  different  stream  habitats  are  created.  The  tailwater  may 
change  from  a  typical  pool-riffle  association  during  minimum  releases 


to  a  deep,  swift  stream  during  maximum  releases.  Most  affected  is  the 
"zone  of  fluctuation,”  which  is  composed  of  side  channels,  backwater 
areas,  and  shallows.  These  areas  alternately  undergo  the  physical 
disruption  of  microhabitats  during  high  flows  and  dewatering  and  sub¬ 
strate  exposure  during  reduced  flows.  Insects  in  these  areas  become 
dislodged  arid  physically  destroyed  during  high  flows,  and  they  are  also 
subject  to  stranding  and  desiccation  during  reduced  flows  (Fowell  1958; 
Trotsky  1971).  In  tailwaters  with  fluctuating  flows,  the  lack  of 
permanent,  clearly  defined  pools  and  riffles  precludes  the  survival  of 
most  stream  insects. 

I*i2.  Some  benthic  tailwater  communities  subject  to  regular,  peri¬ 
odic  water-level  fluctuations  may  eventually  attain  a  resonable  level 
of  production  (Odum  19691-  In  these  "mature"  tailwaters,  a  few  species 
(probably  two  or  three)  that  have  adapted  to  the  flow  changes  make  up 
the  vast  majority  of  the  benthic  community  (Pfitzer  1962).  Members  of 
these  benthic  communities  apparently  tolerate  brief  periods  of  sub¬ 
strate  exposure  if  it  is  not  severe  (Fisher  ana  LaVoy  1972;  Ward  1976a). 
Mo  significant  difference  was  found  between  numbers  of  insects  living 
on  nonexposed  substrates  and  those  living  on  occasionally  exposed 
substrates  (13  percent  exposure  time)  in  a  "zone  of  fluctuation"  below 
a  hydropower  dam  on  the  Connecticut  River,  Massachusetts  (Fisher  and 
LaVoy  1972). 

lU'3.  Vegetative  mats  act  as  a  refuge  for  insects  in  some  tail- 
waters  during  brief  periods  of  exposure  because  of  the  retention  of 
moisture  in  the  vegetation.  Insects  living  near  the  "mat-rock"  inter¬ 
face  are  more  likely  to  survive  than  those  found  on  the  surface  of  the 
vegetation  (Brusven  et  al .  197*0. 

ikk.  Low  air  temperatures  also  increase  the  chances  of  survival 
for  organisms  stranded  in  a  tailwater  and  enable  them  to  tolerate 
dewatering  for  longer  periods  than  during  high  air  temperatures. 

Brusven  et  al.  (197*0  reported  that  larvae  of  chironomids,  lepidop- 
terans,  and  trichopterans  could  siirvive  dewatering  for  *18  hours  in 
ci'-  1  weather,  but  that  high  air  temperatures  and  longer  exposure 
periods  resulted  in  high  mortalities. 
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l-*9.  In  spite  of  the  ability  of  some  insects  to  survive  periodic 
exposure,  most  insect  species  that  inhabit  tailwaters  are  found  in 
the  permanently  submerged  habitats  not  subject  to  daily  exposure 
(Powell  1958;  Brusven  and  Trihey  1978). 

I‘i6.  The  lack  of  flow  fluctuation  in  tailwaters  below  flood  control 
reservoirs  can  disrupt  the  benthic  community.  In  fact,  stable  releases 
for  3  to  H  weeks  followed  by  moderate  or  extreme  discharges  may  cause 
more  stress  and  mortality  to  an  insect  community  than  the  frequent 
pulsed  releases  found  below  hydropower  dams  (Brusven  and  Trihey  1978). 

Tiie  stable  periods  encourage  the  colonization  of  the  tailwater  sub¬ 
strate,  but  benthic  organisms  which  are  not  able  to  adjust  to  subse¬ 
quent  severe  flow  increases  are  catastrophically  swept  downstream. 

1  T .  The  high  seasonal  discharges  below  flood  control  reservoirs 
may  also  destroy  the  pool-riffle  areas  nearest  the  dam  and  replace 
them  with  an  ext. ended  "run"  section.  Farther  downstream,  however, 
pools  and  deep  channels  may  bo  present  which  act  as  buffers  to  fluc¬ 
tuating  water  levels  an;  as  refuges  for  invertebrates  during  periods  of 
minimal  releases  ( Powell  19'>o). 

lH8.  Chi ronomi ds  are  the  no:a  resilient  group  of  insects  found  in 
unstable  areas  and  are  the  f i rot  to  recolonize  denuded  zones -of  fluc¬ 
tuation  (MnePhee  and  Brusven  197*-').  They  may  be  found  in  association 
with  ol igochaetes ,  amphipods,  and  isopous  in  coldwnter  tailwaters 
subject  to  rapid  water-level  fluctuations  (Brown  et  al.  1968).  These 
invertebrate  associations,  are  able  to  adapt  to  temporary  periods  of 
exposure  by  either  migrating  out  of  the  exposed  area  or  surviving  in 
the  thin  layer  of  wa ‘ or  which  remains  after  the  stream  recedes. 

It 0.  Insects  most,  affected  by  fluctuations  in  flow  are  the  groups 
w-  job  .are  generally  regarded  as  quality  fish  food,  including  mayflies, 
stone  flies,  and  caddisflies  (Powell  1938;  MaePhee  and  Brusven  1976). 
nymphs  and  larvae  of  these  species  are  most  subject  to  desiccation, 
since  their  errs,  can  usually  survive  extended  periods  of  exposure.  The 
number  of  insect. s  affected  by  desiccation,  therefore,  depends  on  when  a 
flow  reduction  occurs  and  the  life  stages  of  the  insects  present. 

TVs  location  of  the  s.t  r  earthed  would  affect  the  population  drastically 


during  a  larval  hatch,  but  unhatched  eggs  may  remain  relatively  un¬ 
ci  f  footed  (Hynor.  19'?P). 

Lr>0.  dt.  abl  lined  flown.  Reservoirs  with  stable  releases  have 
relV  ively  stable  tailwater  substrates  ( V/ard  1976a).  The  associated 
invertebrate  fauna  stabilises  as  flows  and  substrates  become  more  con¬ 
sistent,  resulting  in  reduced  niche  overlay'  and  a  shift  toward  community 
equilibrium  (Blaus  et  al .  1970;  Ward  1976c).  Btreamflow  stability  com¬ 
bined  with  reduced  turbidity  may  enhance  algal  and  maerophytic  growth 
and  provide  additional  food  niches  and  microhabitat  diversification  for 
chii’onomic.s ,  ol igoehaetes ,  and  mollusks  (Armitage  1976;  Ward  1976a). 

The  stable  environment  and  predictable  resources  tend  to  eliminate  some 
species,  resulting  in  a  less  diverse  faunal  assemblage  with  higher 
standing  crops  of  the  species  present  (Ward  1976b). 

■M.  In  tailwaters  subjected  to  stable  seasonal  discharges,  sedi¬ 
ment  at  ion  may  become  limit  ing  to  the  benthic  community.  Extended 
serious  of  minimal  releases  accompanied  by  moderate  detrital  and  silt 
input  from  runoff  and  st  reams  ide  vegetation  effect,  i  velv  reduce  the 
available  miorohabi tats.  The  lack  of  spates,  necessary  to  flush  the 
i-d.ri  *  a  !  materia'!  from  the  substrate  interstices ,  may  eventually  result. 

complete  e.l  initiation  of  these  productive  invertebrate  micro- 
hub  i  t.at  s  (<1L  ger  1  °7  f ) . 

i  '  .  Peep-release  rosorvoi  it.  .  Cold  water  temperatures  and  poor 

water  quality  (  U  w  dissolved  oxygen,  reduced.  C' mpounds)  often  occur  in 
la i [water s  hoi  aw  deop-re! case  dams.  Strati  Tied  deep-release  reservoirs 
typical ly  pr  fs'ce  benthic  tailwater  communities  which  are  low  in 
diversity,  but  which  nay  have  high  standing  crops.  This  situation  is 
typica  l  of  a.  stressed  environment  (Ward  197^,  l°76e;  Young  «-t  al .  1976; 
Pears,  rt  et  al.  1068). 

I'll.  Modifi cation  of  the  normal  temperature 'regime  can  affect  the 
diversity  and  quantity  <>f  the  benthic  fauna,  several  kilometres  down¬ 
s'  ream  from  a  coldwat.er  release  dam  (Pearson  et  al.  1968;  Lehmkuhl 
1979,  .1979;  Ward  1976c).  The  overall  change  in  temperatures ,  coupled 
with  the  delay  of  seasonal  fluctuations,  often  results  in  the  elimina¬ 
tion  of  many  invertebrate  species  from  the  tailwaters.  Minimum  winter 


and  maximum  summer  temperatures  that,  would  normally  provide  the  thermal 
stimulus  essential  for  the  initiation  of  various  life  history  stages  of 
many  stre;tm  invertebrates  are  never  reached.  Reduced  growth  efficien¬ 
cies  at  the  lowered  temperatures  may  eliminate  species  which  are  unable 
to  adapt  metabolic-ally  to  abnormally  cold  summer  temperatures  (Hannan 
and  Young  197*0.  Alternatively,  warm  winter  temperatures  may  accelerate 
growth  rates  and  result  in  premature  emergence  and  exposure  to  air 
temperatures  that  may  be  lethal  or  that  may  complicate  the  mating  pro¬ 
cess  (Ward  1976c).  These  conditions,  along  with  delays  in  spring 
wanning  and  autumn  cooling,  may  prevent  the  natural  hatching  and  growth 
■f  insects  that  have  stringent  thermal  requirements  ( Lehmkuhl  197?). 

1 jh .  The  lack  of  dally  fluctuations  in  wafer  temperature  may 
:  r event  the  initiation  of  egg  or  larval  development  (Ward  1976c).  Diel 
temperature  fluctuations  In  a  fl-hour  period  were  as  great  as  10°C  in 
an  unregulated  stretun  in  England,  but  rarely  exceeded  I'V  in  a  regu¬ 
lated  section  (Ami  tape  1977). 

ISR.  Stresses  imposed  on  aquatic  i  uver*' ebrat.es  below  deep-release 
reservoirs  may  also  be1  due  to  low  dissolved  oxygen ,  the  presence  of 
high  concentrations  of  II  g'  and  other  decomposition  by-products ,  or  the 
interaction  of  these  factors  (Outnnt.  i 96. ' ;  Hicks.  196*1;  Young  et  al . 
1976).  Reaeration  of  the  water  as  it  passes  through  a  dam  may  increase 
the  concentration  of  dissol v-d  oxygen  to  a  level  tolerable  by  the  tail- 
water  biota,  but,  the  by-products  (e.g.,  iron,  manganese,  hydrogen 
sulfide)  of  hypol  irr.net  ic  decomposition  may  be  more  persistent  and  have 
a  detrimental  effect  on  tailw.ater  organisms  (Coutant  196?).  If  re¬ 
leases  from  the  reservoir  are  increased,  the  harmful  effects  of  the 
hypo] imnetic  discharges  can  be  extended  downstream. 

1  r>6.  Poep-rel ease  res.ervoirs  do  not  necessarily  release  water  of 
poor  quality  (low  or  no  dissolved  oxygen,  reduced  compounds)  but 
as.'u-edly  ; reduce  a  new  environment  which  favors  coldwater  rather  than 
warmwater  organisms  (Hoffman  and  Ki Iambi  1970).  Tn  stratified  reser¬ 
voirs  where  anoxic  conditions  and  poor  water  quality  do  not  develop 
in  the  hyi el imni on ,  increased  concentrations  of  dissolved  nutrients, 
eg.  ,  nr.  i  lowered  turbidities  may  favorably  affect  the  living  conditions 
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ol'  tai  Iwute?-  invertebrates  (Pena::  el  al  ,  1968).  In  these  circumstances, 
the  benthic  community  may  have  characteristics  similar  to  those  of 
communities  in  streams  with  mild  organic  enrichment  (Spence  and  Hynes 
1971a) . 

197.  Filterable  food  material  (plankton,  some  benthic  organisms, 
and  mi  see  1 1  atieour,  seston)  produced  in  deep-release  reservoirs  may  be 
passed  into  the  t a i 1 waters  during  periods  of  complete  vertical  mixing. 
However,  this  is  not.  a  reliable  food  source  since  the  plankton  and 
rest  t)  ar>»  congregated  in  the  upper  strata  of  most  reservoirs  during 
ratifies!  ion  and  are  therefore  unavai  lable  1  o  the  discharge.  As  a 
res,.]*,  f  Li  tor-feeding  i  n  vertebrates  are  often  restricted  to  downstream 
*  a  i  1  water  Fn’a'  ions.,  wlvre  discharge  effects  have  been  modified  and 
sufficient,  am  units  •  fi  lferabie  material  have  been  introduced  through 
run.-fp  an  :  !.r  i  but. a ry  inflow  (Ward  1976b).  Plankton  and  benthos  may  be 
ii  ."charged  :’>m>\  s  me  deep-release  reservoi  rs  during  stratification  if 
the-  hyp  llr.ni  mu  i  ns  .  xygenated . 

!!°.  l'-ice-rel  ease  reservoi  rs  .  The  downstream  effects  of  a 

rurfneo-re lease  reservoir  are  usually  similar  to  those  produced  by  a 
natural  sur fara  — :a •:  ease  lake  (Ward  and  Stanford  1.979)*  Water  quality 
is.  genera  1  ly  no!.  .*>  problem  and  tail  water  temperatures  may  only  be 
me  iera  •  ■  i  y  influenced  it:  compar  i  s  i  on  to  deep-release  sites. 

1‘  _1.  .'hallow,  su r face-re  1  ease  reservoirs  can  produce  abundant 
quantities  of  b- d. tom  fauna  and  plankton.  Invertebrates  in  the  tail water 
may  subsequently  receive  much  of  their  food  in  the  form  of  seston  and 
insects  from  the  reserve i r  discharge  (Walburg  et  nl .  1971).  Because  of 
i.he  rich  suspension  of  food  in  the  reservoir  release,  filter-feeding 
insects.,  particularly  t  riohopteruns,  may  be  extremely  abundant  in  the 
tailwater.  generally,  the  increase  in  benthic  density  is  accompanied 
by  a  reduced  diversity  and  the  elimination  of  some  species.  In 
formerly  culdwater  streams,  the  release  of  warm  surface  water  from  the 
reservoir  during,  slimmer  may  result  in  a  reduction  or  elimination  of 
certain  sp* -c i  es  from  the  tai  ! water  (Fraley  1978;  Ward  and  Bhort.  107$). 


Benthic  Invertebrate  Drift 


Streams 

l60.  Interspecific  competition  for  food  and  microhabitats  may 
result  in  an  active  downstream  movement  or  "drift"  by  many  benthic 
organisms  (Waters  1969;  Hildebrand  197M •  The  benthic  invertebrate 
fauna  ami  the  drifting  fauna  are  not  distinct  communities.  Drift  is 
merely  a  temporary  event,  in  the  life  cycle  of  most  benthic  organisms 
(Waters  1977). 

lbl.  Benthic  organisms  enter  the  drift  when  they  leave  their  pro¬ 
tective  retreats  and  are  swept  downstream  by  the  current.  This  process 
generally  occurs  at.  night  during  periods  of  feeding  activity  (Waters 
1969).  The  feed  i ng  activity  of  each  species  is  governed  by  a  diel 
pattern  based  on  photoperiod  and  in  generally  initiated  at  the  same 
time  each  day  (Elliott  1967 ;  Waters  1972).  The  actual  movement 
downstream  probably  occurs  as  a  series  of  short  hops  with  the  turbulent 
flow  assuring  frequent  contact  with  the  substrate.  The  distance  of 
passage  depends  primarily  on  velocity  of  flow  and  the  species  of  inver¬ 
tebrate  involved  ('lore  1977). 

lo.’.  When  flows  are  suddenly  increased,  the  physical  disturbance 
.  t  h**  si  reumbod  stimulates  a  catastrophio-1  ike  response  from  the 
benth  s  and  their  presence  in  the  drift  increases  markedly  (Elliott 
1971 ;  Brusven  et,  a]  .  1976).  The  actual  number’  of  organisms  in  the 
drift  per  unit  volume  remains  relatively  stable  during  these  periods, 
nut  t.h>-  numbers  passing  a  certain  point  in  the  stream  over  a  period  of 
time  may  increase  significantly  (Waters  1969)-  Natural  spates  in 
r* reams  may  disperse  organisms  over-  an  increased  living  area  or  may 
lie: lace  them  into  stream  environments  such  as  pools  and  runs,  where 
they  find  survival  difficult,  and  where  they  are  more  likely  to  be  con¬ 
sume!  (Waters  1969).  Many  benthic  organisms  die  when  they  are  swept 
d  'Was. t  ream  into  physically  or  chemically  unacceptable  zones 
(Hus.s.ei  l  -Hunter  1970) . 

1'  The  drift  may  also  be  used  as  a  means  of  escape  from 
desiccation  during  low  flows  (Elliot,!.  L 9T 1 )  •  Increases  in  the  drift 


resul  t.  from  :i  decline  in  available  living  space  associated  with  drastic 
reductions  in  streamflow  (Minshall  and  Winger  1968;  Armitage  197Y;  Gore 
1 977 ) .  Areas  downstream,  relatively  unaffected  by  reduced  flows,  may 
actually  exhibit  increased  invertebrate  populations  as  a  result  of  the 
accumulation  or  organisms  from  dewatered  riffle  areas  (Giger  1977). 

1  6It .  Re  eovory  of  the  bottom  fauna  after  nt.reambed  exposure  or 
other  catastrophic  events  may  be  rapid  (19-78  days)  after  natural  con¬ 
ditions  return  (Herricks  and  Cairns  197^-7^) .  Drifting  organisms  from 
upstream  areas  quickly  roeolonize  the  affected  st. re; imbed .  Recoloniza¬ 
tion  of  denuded  areas,  may  also  be  aided  by  a  certain  amount  of  upstremn 
"crawling"  movement.,  which  may  replace  about  6  percent  (by  number)  of 
the  downstream  loss  due  to  drift  (Bishop  and  Hynes  1969) •  The  renewal 
of  drift  out.  of  a  disrupted  area  may  be  delayed  until  the  community 
has  recovered  to  a  point  where  the  benthic  population  exceeds  the 
carrying  capacity  of  the  habitat  (D.imon.1  1 0(,J ) .  The  failure  of  a 
formerly  abundant  species  to  repopulato  an  area  after  a  stream  distur¬ 
bance  may  allow  other  species  to  become  established,  ultimately  result¬ 
ing  in  a  shift  in  community  eomposi  t.  i  en  and  abundance  (Waters  19'M. 

Tai  1  waters 

ItV,-.  Drift,  in  tail  waters  is  primarily  composed  of  organisms  from 
the  reservoir  above,  particularly  below  unst.rat  i  f  i  ed  reservoirs  and 
reservoirs  with  surface- re]  ease  systems.  Mi  crecrust  aceans  arid,  certain 
insect,  larvae  (e.g.,  Phaob.c-us )  produced  in  the  reservoir  commonly 
dominate  the  tail  water  drift  (Gibson  and  Galbraith  197*’;  Armitage  1977, 
1 97*7 ) . 

H>6.  Drift  of  benthic  organ  i  sms  ’hat  live  in  t  lie  t.ailwater  occurs 
primarily  .as  a  result  of  extreme  fluct.uat  ions  in  reservoir  discharge. 
Kvon  species  not  normally  found  in  the  drift  (e.g.  ,  Chironomidae )  may 
enter  the  drift  because  of  t.hesi  f !  not  nations  (Rrooker  and  Hemswnrth 
l°7rt).  Increased  drift  may  result  in  eons i derable  reductions  in  the 
abundance  of  the  stream  fauna  w i t  h. -ut  actual  streambed  desiccation 
(Ward  I'Vi’t'.a).  R<  'pe;  1 1 1  :l  t.  i  on  of  denndeil  zones  is  obviously  not  possible 
fr  >m  sources  upst  invun,  hr*. van. a-  ..f  f  lit*  pres.. as’ e  of  the  reservoir .  Re- 
col  i]i  . '.at  ion  is.  t  here f. na ■  dependent  on  several  factors,  including  egg 
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deposition  by  adult  insects  which  fly  upstream,  random  ovi position  of 
remaining  individuals  in  the  denuded  zones,  and  upstream  crawling  or 
swimming  by  nonaerial  invertebrates.  Eggs  deposited  by  insect  species 
which  are  tolerant  to  the  particular  tai lwater  environment  will  develop. 
Other  species,  which  are  not  adapted  to  the  specialized  conditions,  will 
be  eliminated. 

167.  Minimal  daily  fluctuations  and  seasonally  stable  flows  may 
result  in  increased  benthic  populations  (Ward  1976a).  However,  the 
stable  flows  that  enhance  benthic  invertebrate  development  may  reduce 
drift.  Reduced  drift  in  thin  instance  may  be  detrimental  to  fish  pro¬ 
duction  by  limiting  the  availability  of  prey  (Chapman  1966). 

loH.  Terrestrial  insects  may  make  a  significant  contribution  to 
available  fish  food  in  the  tai lwater  drift,  especially  in  areas  where 
s t reams i do  vegetation  is  abundant  (Waters  196H ) .  They  may  be  attracted 
to  the  cool,  moist  areas  of  exposed  streambeds  below  reservoirs  during 
periods  of  reduced  flows,  and  when  discharges  are  suddenly  increased, 
they  are  swept  downstream  with  the  drift  (Pfitzer  1962).  Since 
terrestrial  insect. s  are  most  active  during  daylight,  they  are  more 
commonly  found  in  the  drift,  during  the  day  than  at  night  (McClain  1976). 

r.oopl  nnkton 


169.  River  and  stream  environments  are  poorly  suited  for  the  pro¬ 
duction  and  maintenance  of  zooplankton,  and  they  characteristically 
harbor  small  zooplankton  populations  (Hynes  1970).  Their  abundance  in 
flowing  waters  : s  inversely  related  to  the  rate  of  the  current,  flow. 
Thus,  the  zr*  >p  Lankt.on  present  must  be  supplied  to  the  stream  from 
adjacent  quiet-water  areas  or  other  suitable  productive  habitats  in 
the  drainage  (Hynes  1970). 

170.  Most  zooplankton  found  in  tailwaters  are  produced  in  the 
upstream  reservoir.  Come  zooplankton  may  be  produced  in  backwaters  and 
other  quiet-water  zones  adjacent,  to  the  tailwater,  but  the  input  from 
these  areas  is  not  significant  when  compared  witli  that  of  the  reservoir. 
Therefore,  the  specie's  and  abundance'  of  zooplankton  found  in  the 


tailwater  are  dependent  on  the  species  and  abundance  in  the  reservoir 
population  (Brook  and  Woodward  1956). 

171.  The  reservoir  zooplankton  community  may  vary  as  a  result  of 
seasonal  population  cycles.  The  community  is  also  influenced  to  a  large 
degree  by  the  hydraulic  residence  time  of  the  reservoir.  Zooplankton 
numbers  are  generally  higher  in  reservoirs  with  longer  hydraulic  resi¬ 
dence  times.  Both  of  these  factors  eventually  affect  tailwater  zoo¬ 
plankton  abundance. 

179.  The  amount  of  zooplankton  passed  into  a  tailwater  depends  on 
the  depth  of  reservoir  release.  The  zooplankton  migrates  vertically 
within  the  water  column  in  response  to  changes  in  light  intensity.  This 
vertical  migration  may  keep  the  zooplankton  away  from  the  level  of 
discharge  during  certain  periods  of  the  day.  Zooplankton  abundance 
will  also  be  altered  in  tailwaters  below  selective  withdrawal  dams, 
where  changes  in  the  level  of  withdrawal  are  made  on  a  seasonal  or 
daily  basis. 

173.  Zooplankton  transported  into  a  tailwater  from  the  reservoir 
provides  a  more  readily  available  source  of  energy  and  protein  than  the 
detritus  normally  found  in  unregulated  streams  (Armitage  1978).  Most 
of  the  zooplankton  discharged  from  hypolimnei  i e-rel ease  reservoirs  is 
already  dead  and  simply  contributes  to  the  stream's  load  of  organic 
debris.  Moribund  ..oopl ankt ors  settle  out  and  decompose,  providing  a 
nutrient-rich  detritus  in  the  tailwater  area  (Armitage  and  Capper  1976). 
Seasonal  inconsistencies  in  i he  reservoir  iischarge,  however,  preclude 
zooplankton  from  being  .a  reliable  source  of  either  nutrient  inputs  or 
food  for  benthic  consumption  in  the  tailwater  (Ward  1975). 

17Jl.  Larger  bodied  coop] ankters  (e.g.,  copepods  and  daphnid 
clndocorans)  may  be  common  in  tailwaters  immediately  below  surface- 
release  reservoirs,  but,  they  rapid Ly  disappear  as  the  water  flows 
downstream.  The  progressive  reduction  in  densities  downstream  is 
characteristic  and  has  been  documented  by  several  investigators 
(Chandler  1937;  Mtober  1963;  Ward  1975;  Armitage  and  Capper  1976). 

175.  The  zooplankton  decrease  which  occurs  between  reservoir 
outlets  and  areas  downstream  is  du^  to  a  combination  of  factors. 
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including  the  abundance  of  zooplankton  discharged,  the  filtering 
effects  of  peri phytic  vegetation  in  the  tailwater,  physical  destruction, 
predation,  and  adherence  to  or  ingestion  of  silt  and  debris.  Chandler 
(1937)  indicated  that  zooplankton  discharged  from  a  reservoir  in  July 
was  reduced  99  percent  8  km  downstream;  whereas,  during  February,  when 
population  levels  were  higher,  abundance  was  reduced  only  ^0  percent. 
Algae  and  mosses  in  the  tailwater  essentially  act  as  filters,  removing 
the  zooplankton  as  it  flows  through  the  vegetation  (Chandler  1937). 
Armitage  and  Capper  (1976)  noted  that  99  percent  of  the  zooplankton 
discharged  had  disappeared  within  the  first  few  kilometres,  the 
greatest  losses  occurring  in  the  first  U00  m  below  the  dam.  Larger 
organisms  become  entangled  more  easily  and  are  eliminated  from  the 
streamflow  sooner  than  smaller  organisms.  For  this  reason,  greatest 
zooplankton  reductions  in  tailwalers  may  occur  when  aquatic  vegetation 
is  abundant  and  the  tailwater  levels  are  lowest.  When  water  levels  in 
the  tailwater  are  higli  and  aquatic  vegetation  is  absent,  the  vegetative 
filtering  phenomenon  is  eliminated,  and  zooplankton  may  he  more  per¬ 
sistent  downstream  (Chandler  1937). 

176.  Zooplankton  is  also  highly  susceptible  to  physical  abrasion 
and  fragmentation.  Some  zooplankters  are  utilized  as  prey  when  flushed 
from  the  reservoir,  benefiting  populations  of  benthic  macroinvertebrates 
and  fish  in  the  tailwater  (Ward  1975).  Other  zooplankters  either  ingest 
or  adhere  to  sand  and  silt  in  the  turbulent  tailwater s  and  become 
heavier,  tending  to  sink  and  die. 

Tailwater  Effects  on  Specific  Invertebrate  Taxa 

177.  The  productivity  and  occurrence  of  stream  organisms  in 
tailwaters  are  determined  by  physical-chemical  stresses  imposed  upon 
the  community.  These  stresses  are  related  to  the  quantity  and  quality 
of  the  releases  from  the  reservoir.  Species  normally  present  in  a 
stream  may  be  enhanced  or  reduced  in  a  tailwater,  but  the  structure 

of  the  tailwater  community  is  generally  much  different  from  that  of  a 
natural  stream. 
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178.  Immature  life  stages  of  insects  from  four  orders,  including 
Diptera,  Trichoptera,  Ephemeroptera ,  and  Plecoptera,  are  prevalent  in 
natural  streams.  Other  aquatic  insects,  mollusks,  benthic  crustaceans, 
oligochaetes ,  and  planktonic  invertebrates  may  also  be  abundant. 

Diptera 

179-  In  tailwaters,  dipterans  appear  to  be  the  group  best  adapted 
to  the  altered  conditions  of  reservoir  releases  (Ward  1976c).  Dense 
communities  of  Simuliidae  and  Chironomidae  often  occur  in  the  immediate 
tailwater  below  deep-release  reservoirs  because  major  invertebrate  pre¬ 
dators  are  few  and  fish  diversities  are  low  (Ward  1976c).  They  may  be 
the  only  invertebrates  present  because  of  their  ability  to  adapt  to 
conditions  in  most  cold  tailwaters.  Farther  downstream  in  the 
tailwater  elevated  water  temperatures ,  predation,  and  microhabitat 
competition  may  result  in  reduced  densities  of  both  families  and  the 
possible  disappearance  of  Pirnul  i  iune . 

l80.  Bimuliid  larvae  and  pupae  prefer  cold  water  and  are  appar¬ 
ently  tolerant  of  the  poor  water  quality  which  occasionally  occurs  in 
tailwaters  below  deep-release  dams  ( 11  i 1 senhof f  1971;  Goodno  1975). 

They  are  not  common  below  surface-release  dams  or  in  tailwaters  where 
water  temperatures  may  become  too  high  for  their  survival.  The  more 
diverse  fauna  which  exists  farther  downstream  from  these  dams  addi¬ 
tionally  limits  the  establishment  of  simuliid  populations  because  of 
increased  invertebrate  competition  and  predation. 

1 Si .  The  various  species  in  the  f;unily  Chironomidae  are  adapted 
to  a  wide  range'  of  environmental  conditions,  making  them  ideal 
tailwater  inhabitants.  Some  prefer  cold  water,  while  others  prefer 
warm  water.  Other  species  have  more  generalized  requirements  and  may 
be  found  iri  a  variety  of  conditions.  The  seasonally  altered  tempera¬ 
tures  found  in  tailwaters  below  deep-release  dams  (winter  warm,  summer 
cool,  and  delayed  maximum  and  minimum  temperatures)  may  allow  some 
species  of  chironomid  larvae  to  survive  during  periods  of  the  year  when 
they  would  not  be  found  in  natural,  streams.  However,  these  same 
alterations  may  modify  emergence  patterns,  which  are  controlled  by 
water  temperature  and  light  intensity  (Oliver  197l).  Adults  in  these 
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instances  may  undergo  premature  emergence  resulting  in  disorientation 
and  reduced  survival . 

Trichoptera 

182.  Most  species  of  Trichoptera  found  in  tailwaters  are  net 
spinners  or  filter  feeders.  Their  abundance  is  directly  related  to  the 
availability  of  seston  discharged  from  the  reservoir  which,  in  turn,  is 
dependent  on  the  location  of  reservoir  outflow  (Rhame  and  Stewart  1976; 
Ward  1976a).  Deep-release  reservoirs  provide  an  extremely  unreliable 
food  source  because  of  the  lack  of  seston  during  periods  of  stratifica¬ 
tion.  Unstratified  and  surface-release  reservoirs  may,  in  contrast, 
provide  a  rich  food  source,  including  plankton  and  other  suspended 
organic  matter. 

183.  The  success  of  a  certain  species  may  depend  on  the  size  of 
the  food  particles  that  are  available.  Individual  species  crop  parti¬ 
cles  of  specific  sizes,  depending  on  the  mesh  size  of  their  gathering 
apparatus  and  their  location  in  the  streambed  (Wallace  et  al.  1977). 

l8L.  Variations  in  flow  also  affect  trichopteran  survival.  Ade¬ 
quate  current  velocities  are  necessary  to  supply  food  and  oxygen  to 
stationary  larvae  and  influence  the  design  and  construction  of 
food-gathering  nets  (Haddock  1977;  Wallace  et  al,  1977).  Sufficient 
flow  is  required  to  keep  food-gathering  nets  extended,  but  higher  flows 
will  result  in  their  destruction  (Haddock  1977).  Large  flow  variations 
below  some  darns  may  inhibit  the  survival  and  feeding  success  of  some 
trichopterans ,  since  food-gathering  nets  are  swept  away  at  high  flows 
and  collapse  at  low  flows. 

189.  Larvae  of  some  species  of  Trichoptera  are  found  in 
quiet-water  areas  of  natural  streams.  They  are  unable  to  withstand 
swift  water  and  are  not  dependent  on  net-gathering  mechanisms  for 
their  food  supply.  Quiet-water  areas  are  uncommon  below  most  reser¬ 
voirs  and  if  present  they  are  subject  to  destructive  periodic  flow 
increases.  As  a  result,  most  trichopterans  found  in  tailwaters  are 
adapted  to  living  in  swift  water. 
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Ephemeroptera 

l86.  Ephemeroptera  (mayflies)  typically  inhabit  small  streams  with 
large-rubble  substrates.  The  number  of  species  present  depends  pri¬ 
marily  on  the  habitat  diversity,  since  each  species  exhibits  a  high 
degree  of  habitat  selectivity.  Generally,  the  presence  of  more  diverse 
habitats  is  reflected  by  an  increase  in  the  number  of  species  (Macan 
1957). 

IS?.  Ephemeropterans  do  not  usually  occur  in  tailwaters  because 
the  stable  thermal  regime  found  here  does  not  provide  the  temperature 
stimulus  required  for  life-stage  development.  They  are  additionally 
affected  by  the  reduced  habitat  diversity  and  the  absence  of  an  ade¬ 
quate  food  supply  (detritus).  Downstre;un ,  where  the  effects  of  reser¬ 
voir  releases  subside,  mayflies  gradually  become  more  prevalent  as  the 
tai lwater  becomes  more  "stream-like"  ( Lehmkuhl  1972) . 

l88.  Ephemeropterans  are  rarely  found  in  streams  where  velocities 
are  below  15  om/sec  or  above  91  cm/sec  (Delisle  and  Eliason  196l).  Few 
species  are  able  to  survive  in  areas  subject  to  extreme  flow  reductions 
( MacPhee  and  brusven  1973;  Ward  1976a).  Mayfly  species  equipped  with 
hold-fast  organs  are  able  to  exist  in  tailwaters  with  moderately  high 
current  velocities  (Ward  1976a). 

139.  ?•!•  si  ophemeroplerans  do  not  readily  colonize  areas  in  a 

constant  state  .  >f  wn  ten— level  fluctuation  since  they  cannot  tolerate 
hot  h  low  nmi  high  fh'w  extremes.  One  genus  ( Faral eptophl ebia ) ,  however, 
has  been  found  abundantly  in  tailwaters  exhibiting  these  types  of 
fluctuations  (Trot  sky  and  Gregory  197*0  . 
n ccuptora 

190.  Pice  .pteruns  are  usually  not  found  in  tailwaters  because 
the  loss  of  habitat,  heterogeneity,  changes  in  flow  regime,  and  re¬ 
latively  stable  t emperat  tires  make  condi t ions  unacceptable  for  their 
growtdi  and  development.  Down  s.t  ream  their  abundance  generally  increases 
as  the  influence  of  t die  reservoir  discharge  declines  (Ward  1976a). 
Deveral  species  f  p 1 crop* erans  (o.g.,  chi oroperl ids )  are  not  affected 
by  rapidly  fluet.uat  :  tig  flows.,  -,tvi  may  become  abundant  in  tailwaters 


where  other  environmental  conditions  are  suitable  (Ward  and  Stanford 
1979). 

191.  Plecopterans  are  common  predators  on  trichopteran  eggs, 
chironomid  larvae,  and  simuliid  larvae  in  natural  streams  (Vaught  and 
Stewart  197M  •  The  absence  of  these  predatory  species  contributes  to 
the  increased  abundance  of  Simuliidae  and  Chironomidae  in  most  cold 
tailwaters. 

Mi scellaneous 

192.  Amphipods,  oligochaetes ,  isopods,  moilusks,  and  turbellarians 
are  often  abundant  in  tailwaters.  One  factor  common  to  these  groups 
that  may  be  significant  to  their  abundance  in  tailwaters  is  the  lack  of 
an  aerial  adult  stage  in  their  life  cycles.  Because  they  do  not  have 

an  aerial  adult  stage,  they  are  not  subject  to  the  problem  of  premature 
emergence  that  often  occurs  among  aquatic  insects  in  thermally  altered 
tailwaters  (Ward  and  Stanford  1979). 

193.  Ward  and  Stanford  (1979)  indicated  that  amphipods  are  often 
abundant  in  tailwaters  that  have  reduced  summer  temperatures  and  stable 
flow  regimes.  High  nutrient  inputs  and  reduced  flood  flows  also  favor 
amphipods  because  streambed  siltation  and  increased  macrophytic  growth 
which  occurs  in  these  situations  are  highly  beneficial  to  their  develop¬ 
ment  (Hilsenhoff  1971). 

191 .  Oligochaetes  may  be  present  below  deep-release  reservoirs  in 
pools  away  from  the  strongest  currents.  The  cool,  nutrient-rich  water 
and  lack  of  destructive  spates  favor  establishment  of  dense  populations 
in  these  areas  ( Mo  Gary  and  Harp  1973;  Arm  it.  age  1976). 

199.  Isopods  may  he  the  dominant  organism  in  the  riffle  areas  of 
cold  tailwaters  (Me Gary  and  Harp  1973).  They  are  also  less  affected  by 
minor  water-level  fluctuations  than  other  invertebrates  because  they 
can  migrate  out  of  areas  t.hat.  are  periodically  exposed. 

196.  The  distribution  of  mollusks  in  natural  streams  is  deter¬ 
mined  primarily  by  substrate  patterns  and  types .  The  chemical  and 
physical  alterations  that  occur  in  tail  water  environments  have  both 
enhanced  and  disrupted  mollusk  populations. 
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197.  Knriched  growths  of  attached  algae  and  increased  organic 
sediment  were  found  to  encourage  the  establishment  of  pulmonate  snails 
(Physa)  during  the  absence  of  scouring  releases  or  during  extended 
periods  of  reduced  flows  (Williams  and  Winget.  1979).  However,  Harman 
(197S)  found  that  chemical  and  biological  alterations  of  the  tailwater 
environment  negatively  affected  the  mol lusk  population  and  reduced 
species  diversity.  The  number  of  mussel  species  was  also  reduced  in 
the  Tennessee  River.  Alterations  to  and  loss  of  riverine  habitat  after 
extensive  reservoir  construction  reduced  the  number  of  species  from  100 
t.o  approximately  90  (Isom  1971).  Formerly  abundant  species  were  re¬ 
duced  or  eliminated  and  natural  replacement  was  limited.  The  change  in 
fish  species  that  also  occurred  as  a  result  of  reservoir  construction 
further  reduced  mollusk  populations  through  the  obstruction  of  fish-host 
associations  that  are  a  necessary  part  of  the  mol Luskan  life  cycle 
(Isom  1 07 1 ) . 

198.  Turhe II arians  appear  to  be  a.  minor  member  of  the  tailwater 
invertebrate  community  and  are  not  widely  studied.  Based  on  the  few 
studies  that  have  been  conducted,  turbel lari ana  apparently  increased 
in  tailwatcrs  with  stable  flow  regimes  and  cool  summer  temperatures 
and  declined  in  tailwatcrs  with  fluctuating  flows  (Ward  and  Stanford 

1979) • 

199.  Crayfish  are  common  in  some  tailwaters;  however,  no  mention 
of  this  group  was  made  in  the  literature  except  as  food  for  some  fish 
species . 


PART  VTT:  FTGHEC  IN  TAILWATERS 


POO.  In  this  section,  fishes  tint  commonly  occur  in  tailwaters 
are  discussed.  The  presentation  is  by  family,  followed  by  individual 
species  or  groups.  Fis.h  species  which  occur  in  tailwaters  but  are  of 
•'iily  minor  importance  because  few  are  generally  captured  or  they  are 
little  mentioned  in  tail  water  literature  are  not  discussed.  These 
include  species  from  the  following  families:  Petromyzontidae  (lam¬ 
preys  ) ;  Acipenreridne  (sturgeons);  Lepisosteidae  (cars);  Anguillidae 
(ee'r);  Hiodontidae  (mooneyes) ;  Aphrodcder i dae  (pirate  perches); 

Cypr  i  ti-Vi  >ntidue  (kill  i  ‘M  slier  ) ;  ami  Atherinidae  (  silver  sides) . 

TO! .  A  brief  ueseri p! i-m  of  environmental  conditions  necessary 
for  tine  suc'essfu'!  completion  of  the  various  i  i  :'e  history  phases  of 
each  species  or  -up  is  present  od  under  the  following  topics: 

Laima*,  !•••:  !•••  iuctiot:,  d ,  atm  age  and  growl  U.  This  is  followed  by 
ryi  tlier  :  s  f  •  a!  !  water  i  L  se'ature  p<.-rtai  ninr.  to  a  particular  species 
a-  grr.it  of  :’is!i.  Krapiiar  i  :•  is  placed  on  how  t  he  riocies  responds  to 
erv  i  r.  nr;.  •:.*  al  c  nd  i t  i .  ms.  ■mu  in  tai. 1  water:'.  The  depth  of  discussion 
varies  by  specie;:  and  is  dependent  on  the  ameiu.l  of  literature  avail - 
ne’e,  fourco  r.at  -'rial  for  the  description  of  fish  life  history  rec.  ui  re- 
men*,  r.  war  'bf-iinc;  from  Tar  1  under  ( 1  p(>9 *  1977),  feoff  and  Crossman 
(  97  f )  ,  PfI  i  eger  (  1 97'. ) ,  and  othc rs  . 

.'’Op.  The  common  aim  scientific  names  of  fishes  mentioned  in  this 
rep 'ft  are  listed  in  Append  i  x  C.  Fishes  from  North  American  t.ai  Iwaters 
are  included  in  Part  !  aim  nomenclature  follows  that  of  Bailey  et  al . 

(  TVO).  Visiles  from  Kurencan  tailwaters  are  included  in  Part.  II. 

:>  history  in  format  ion  for  the  most  common  fish  groups  discussed  in 
this  report  is  given  in  Appendix  D. 


a-;.  The 
Anor  ic-t . 


Polyodor.t idae  (  Faddlef ishos  ) 


patldl  of  i  «h  is-  one  of  the  largest  freshwater  fish  in 
It  is  found  only  .in  {.lie  Mississippi,  Missouri,  and 
I  their  larger  tributaries.  Numbers  of  paddlef i sh  have 


declined  greatly  since  the  advent  of  the  twentieth  century.  Major 
causes  are  believed  to  be  dams,  overfishing,  and  pollution.  Fish  con¬ 
centrate  below  dams  where  they  are  especially  vulnerable  to  fishing. 
Dams  built  to  create  reservoirs  or  for  other  purposes  have  inundated 
many  former  spawning  grounds  or  have  prevented  fish  from  reaching 
upstream  spawning  areas.  The  decline  of  paddlefish  stocks  in  past 
years  followed  the  .increased  release  of  domestic  and  industrial  pollu¬ 
tion  into  the  waterways.  Paddlefish  populations  have  increased  in  some 
areas  where  pollution  abatement  has  been  effective  (Eddy  and  Underhill 

197*0. 

Paddlefish 

I?Ol*.  Habi  tat .  The  paddlefish  is  primarily  found  in  the  open 
water  of  sluggish  pools  and  backwaters  of  large  rivers  where  it  swims 
about  continuously  near  the  surface  or  in  shallow  water.  For  spawning, 
it  requires  access  to  a  large,  free- flowing  river  with  gravel  bars 
which  are  inundated  during  spring  floods. 

P05.  Originally  the  large  free-flowing  rivers  of  the  Mississippi 
Valley  provided  ideal  habitat  for  paddlefish.  Now  some  of  the  largest 
populations  are  found  in  man-made  impoundments  where  tributary  rivers 
meet,  the  fish's  exacting  spawning  requirements.  These  conditions  are 
met.  in  some  reservoirs  in  the  states  of  Alabama,  Arkansas,  Kentucky, 
Missouri,  Oklahoma,  and  Tennessee,  and  in  several  mainstream  Missouri 
Rivet'  reservoirs  in  North  and  South  Dakota  and  Montana. 

P06.  Reproduction.  The  reproductive  habits  of  paddlefish  were 
described  by  Purkett  ( 1961 ) ,  whose  studies  were  conducted  on  the  Osage 
River  in  Missouri.  Spawning  takes  place  in  midstream,  over  submerged 
gravel-bars  when  the  river  is  high  and  muddy  in  early  spring  at  temper¬ 
atures  of  about  lr>.5°C.  Meyer  and  Stevenson  ( 1962 )  reported  that 
female  paddlefish  in  Arkansas  do  not  mature  until  they  are  over  11.3*4 
kg  in  weight  and  that  they  may  net.  spawn  every  year.  The  adhesive 
eggs  stick  to  the  first,  object  they  touch,  normally  stones  on  the 
st .roambotton .  Eggs  hatch  in  9  to  IP  days  when  water  temperatures  are 
about.  !  e°U  (Purkett.  1963;  Needham  196b).  After  hatching,  the  fry  swim 
upward  vigorously,  then  settle  toward  the  bottom.  Frequent  repetition 
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of  this  activity  by  the  fry  is  significant  in  that  it  permits  the 
strong  currents  to  sweep  the  fry  downstream  out  of  the  shallows  and 
into  deep  pools  before  the  gravel  bars  are  exposed  by  receding  water 
1  eve Is . 

207-  Food .  Paddlefish  feed  primarily  on  zooplankton  and  insect 
larvae  filtered  from  the  water.  They  swim  slowly  with  their  mouths 
open  through  areas  where  food  is  concentrated.  Water  passed  through  is 
filtered  by  the  long,  closely  set.  gill  rakers.  The  function  of  the 
paudle-shaped  snout  in  relation  to  feeding  is  not  known  for  certain, 
but  its  elaborate  system  or  sense  organs  may  enable  it  to  function 
primarily  as  a  device  for  locating  concentrations  of  food  organisms. 

P08.  Age  and  growth.  Paddlefish  grow  rapidly.  According  to 
Pflieger  (.1975),  young  nearly  150  mm  long  have  been  collected  from 
overflow  pools  of  the  Missouri  River  in  early  July.  Two  specimens 
kept  in  a  fertilized  pond  reached  a  length  of  about  0.9  m  and  a  weight 
of  .  .7  kg  when  they  were  17  months  old.  Paddlefish  in  Lake  of  the 
Ozarks,  Missouri,  .attain  a  length  of  290  to  350  mm  in  their  first  year 
and  about  530  mm  in  their  second  year.  Lieventeen-yoar-old  fish  average 
nearly  1.5  m  in  length  and  id. 8  kg  in  weight.  The  largest  paddlefish 
are  usually  females.  The  species  is  also  long-lived;  many  individuals 
live  more  than  20  years. 

Paddlefish  in  tailwaters 

209-  Large  concentrations  of  paddlefish  are  found  in  some 
tailwaters  especially  during  winter  and  spring.  Most  studies  on 
paddlefish  in  tailwaters  are  concerned  with  spawning  and  reproduction. 
Paddlefish  reproduction,  prevented  primarily  by  the  blockage  of 
upstream  migration  by  dams,  has  also  been  affected  by  the  altered  flow 
regimes  found  in  tailwaters.  Main-stem  hydropower  facilities  on  the 
Missouri  River  have  not  only  reduced  the  amount  of  natural  spawning 
area  available  but,  have  also  rendered  most  of  the  remaining  river  areas 
unusable.  Large  die!  water  fluctuations  mask  or  delay  the  normal 
spring  rise  in  water  flows  and  temperatures . 

210.  Young-of'-the-year  fish  have  been  reported  in  only  one 
ta.jlwat.er  of  the  Missouri  River  reservoir  system  (Friberg  197M. 
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Juveniles  found  in  Lewis  and  Clark  Lake  were  produced  in  the  65-km 
section  of  the  Missouri  River  above  the  reservoir,  while  those  in  the 
tailwater  either  passed  through  Gavins  Point  Dam  or  were  produced  in 
the  97- km  section  of  natural  river  downstream  from  the  dam  (Walburg 
1911;  Friberg  197*0-  Recruitment  from  the  reservoir  above  is  believed 
to  be  the  primary  source  I'or  paddlefish  found  below  Lake  of  the  Ozark's 
hydropower  dam  on  the  Osage  River  in  Missouri  (Hanson  5977). 

911.  The  effects  of  navigation  or  flood  control  dams  on  paddlefish 
reproduction  are  not  as  well  defined.  Successful  spawning  on  eroded 
wing  likes  below  Lock  and  Dam  Wumber  12  on  the  Mississippi  River  in 
Town  has  been  regularly  observed  (Oengerke  1978) .  Eroded  wing  dikes 
effective!.’/  simulate  natural  gravel  bars.  The  control  of  spring 
:’i o.  dwu t  or.  below  a  Kentucky  flood  control  reservoir  appears  to  inhibit 
downstream  spawning  activity  (Branson  1177). 

,97.  Art  alteration  of  the  behavioral  characteristics  of  paddlefish 
caused  by  impoundments  is  evidenced  by  their  concentration  in  the 
r.wi  ft- flowing  wat  ers,  immediately  below  many  dam:;  (Friberg  1972;  Boehmer 
i  °7  •: ;  Genrerke  !  ) .  Concentration  of  these  fish  into  a  relatively 

•  ur'ined  area  increases  their  vulnerability  in  both  commercial  and 
j;  r.rt.  fishing.  Friberg  (197*4’*  reported  high  catch  rates  of  paddlefish 
in  ta.  i  S  wa  ‘  e;-s  for  three  to  four  years  following  dam  closure,  followed 
by  declining  catches  due  to  reduced  numbers.  These  concentrations  dur¬ 
ing  the  reproductive  season  may  be  explained  by  the  blockage  of  upstream 
misrat  i  n.  During  other  seasons  these  concentraf i ons  are  most  likely 
due  to  the  i no reused  availability  of  food  in  the  reservoir  discharge. 

917.  In  tail  waters,  zooplankton  is  most  abundant  in  the  reservoir 
discharge;  its  abundance  decreases  rapidly  downstream.  The  large 
quantity  of  food  available  would  tend  to  attract  feeding  paddlefish  from 
slow-flowing  areas,  into  the  faster  flowing  discharge,  where  they  would 
normally  not.  be  found. 

91*..  Except  for  the  immediate  discharge,  there  is  generally  less 
zooplankton  available  in  the  tail water  than  in  the  reservoir.  This 
relative  scarcity  of  food  is  reflected  in  the  reduced  growth  rates  of 
tailwater  paddlefish.  Growth  studies  by  Friberg  (197*0  indicated  that 
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;vi  id  1  e t' i  sh  apparent.  1  y  raised  in  a  reservoir  suffered  a  marked  reduction 
in  rrowt.h  following  psisr.sige  through  the  dam  into  the  tailwateru. 

C I  npe  i  d.uo  (  Herr  i  ngs ) 

Tin-  ng  :*:ar.i  !y  : s  np  of  species  which  are  mainly 

marine  or  nnndromcu.: .  : •  •  -v« 1  oci  -s  Live  in  fresh  water  and  are 
ocous  ionni  ly  found  :  :i  i  1  water  r  .  They  u  re  skipjack  herring,  gizzard 
shun,  and  t.hroa.:  I':  n  sha  : .  t.e  ur,ed  fn-  human  food,  but  the  skip¬ 
jack  i r  r  t  •  imes  sought  by  sport  sherron  because  it  fights  spectac¬ 

ularly  when  in  •  T-;.  liss-aru  sir  i,  ru.rt  i  -u  !  a  r  iy  young  of  the  year,  are 
important  forage  hr  ,c  i.rr  fishes .  Thread  fin  shad  are  important  forage 
a*  all  .•!»*<•::  be, "i, na>  •  1  r  maximum  L-ngth  rarely  exceeds,  l80  mm.  The 

ski;  rack  is  ii.o  :  i  s  aissed  further  hero  because  if  is  little  mentioned 
in  f  a  i  Ivi'  i  ' !  r;':!‘  ire,  .>vt.ept.  for  at.  oec.a  s  i  <'i;a  1  occurrence  in  fish 

■.diau 

Dio.  Habitat .  The  gizzard  shad  in  generally  distributed  over  the 
eastern  ha.l  f  of  the  United  Utates  where  it  is  most  abundant  in  reser¬ 
voirs  and  large  rivers.  It  inhabits  quiet-water  habitats  in  lakes, 
ponds,  reservoirs,  ana  backwaters  of  streams  where  fertility  and  pro¬ 
ductivity  are  high,  chad  usually  avoid  high-gradient  streams  and  those 
which  Lack  .large,  permanent  pools.  Shad  congregate  into  loose  aggrega¬ 
tions,  and  Large  numbers  are  often  observed  near  t;ie  water  surface. 
During  fail,  winter,  and  sprin,,,  large  numbers  may  be  found  in 
tui 1 waters . 

LTf.  The  threadfin  shad,  whose  habitat  is  similar  to  that  of  the 
gizzard  shad,  is  generally  confined  to  the  southeastern  states  where  it 
has  been  stocked  extensively  in  reservoirs  for  forage.  It.  has  also  been 
stocked  in  reservoirs  of  the  Southwest.  It  is  sensitive  to  low  tempera¬ 
tures,  and  extensive  die-offs  have  been  reported  at  temperatures  below 
T.D°C  (Pflieger  1978).  Because  of  overwinter  die-off,  annual  stockings 
of  adults  are  necessary  to  maintain  populations  in  many  reservoirs. 

Large  numbers  of  this  species  may  also  occur  in  tailwaters  during  fall 
and  winter. 
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21 8.  Reproduction .  Gizzard  shad  are  very  prolific  and  generally 
spawn  during  April,  May,  and  June  at  temperatures  between  17  an  3  23°C 
in  shallow  areas  of  protected  bays  and  inlets.  The  scattered  eggs  sink 
to  the  bottom  where  they  adhere  to  the  first  object  they  contact.  Eggs 
hatch  in  about  It  days  and  the  young  begin  feeding  when  5  days  old. 

Young  attain  typical  adult  form  when  about  3?  mm  long. 

219.  Threadfin  shad  begin  spawning  in  the  spring  when  the  water 
temperature  reaches  21.1°C  and  may  continue  throughout  much  of  the 
summer.  Threadfin  spawn  in  schools  near  shore.  The  adhesive  eggs 
Stick  to  any  submerged  object  and  hatch  in  about  3  days.  Young  begin 
feeding  when  3  days  old.  Individuals  hatched  early  in  the  year  com¬ 
monly  mature  and  spawn  late  in  their  •nirst  summer  of  life. 

220.  Food .  The  gizzard  shad  is  almost,  entirely  herbivorous, 
feeding  heavily  on  microscopic  plants,  phytoplankton ,  and  algae.  The 
species  is  essentially  a  filter  feeder,  removing  particulate  matter 
from  the  water  by  passing  it  through  its  closely  set  gill  rakers. 

221.  Threadfin  shad  are  also  filter  feeders.  Their  diet  consists 
of  microscopic  plants  and  animals  found  in  the  water  column. 

222.  Age  and  growth.  Gizzard  shad  average  about  127  mm  long  at 
the  end  of  their  first  summer,  l8S  mm  at  age  I,  257  mm  at  age  II,  and 
302  mm  at  age  III  (Car lander  1069).  The  average  life  span  is  I)  to  6 
years  but  some  live  10  or  more  years.  Maturity  is  reached  in  the 
second  or  third  year.  Adults  are  commonly  230  to  300  mm  long  and  weigh 
about  0.15  kg.  Maximum  length  and  weight  is  about  520  mm  and  1.6  kg. 

223.  Adult  threadfin  shad  are  usually  102  to  127  mm  long,  and 
few  live  more  than  2  or  3  years.  In  Bull  Shoals  Reservoir,  Arkansas, 
threadfin  shad  average  S3  mm  in  length  at  the  end  of  the  first  growing 
season  and  lPh  (males)  and  135  (females)  mm  at  the  end  of  three  growing 
seasons  (Bryant  and  Houser  1969). 

Shad  in  tai  Lwat.ers 

22l(.  Shad  are  important  forage  species  in  t.ailwaters.  Both 
gizzard  shad  and  threadfin  shad  are  eaten  by  striped  bass,  trout, 
walleyes,  saugers,  and  other  species  (Parsons  1957;  Pfitzer  1962; 
Walburg  et  al .  1971;  Deppert  1978;  c’ombs  1979).  Threadfin  shad  have 
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been  stocked  in  some  reservoirs  specifically  to  provide  food  in  the 

tai.lwa.ters  for  piscivorous  fish  (Parsons  1957). 

225.  The  munber  of  gizzard  and  threadfin  shad  is  generally  higher 
in  tailwaters  than  in  natural  streams  due  to  their  movement  from  reser¬ 
voirs  either  over  or  through  dams  (Clark  19^»2;  Parsons  1957;  Louder 
1958;  Pfitzer  1962;  J.  P.  Carter  1968a,  1968b,  1969;  Walburg  1971). 
Occurrence  of  shad  in  tailwaters  appears  to  be  more  related  to  season 
than  magnitude  of  outflow  from  the  reservoirs  (Clark  19^+2;  Parsons  1957; 
Louder  1958).  The  presence  of  impoundments  has  also  increased  shad 
distribution.  In  Oklahoma,  shad  became  established  in  a  tailwater 
where  they  did  not  appear  in  the  natural  stream  prior  to  impoundment 

( Cross  1950) . 

226.  Dams  also  affect  anadromous  members  of  the  clupeid  family  by 
acting  as  barriers  to  upstream  spawning  migration  (W.  R.  Carter  1968; 
Foye  et  al .  1969).  Large  numbers  of  American  shad  concentrated  below 

a  dam  in  Maryland  during  spring.  Fish  kills  sometimes  occurred  when 
the  turbines  were  shut  down  during  normal  peaking  operations  and  dis¬ 
solved  oxygen  in  the  tailwaters  was  reduced  to  lethal  levels  (W.  R. 
Carter  1968).  Alteration  of  operating  procedures  to  provide  mainte¬ 
nance  flows  of  1 1*1.6  mVsee  through  each  of  two  turbines  has  been 
required  to  avoid  further  low-oxygen  fish  kills.  Maintenance  of 
minimum  flows  has  been  credited  with  allowing  the  survival  of  American 
shad  in  the  Russian  River  in  California  (Anderson  1972). 

Salmonidae  (Trouts) 


227.  The  trouts  are  eoldwater  fish  which  were  originally  found 
in  the  Arctic  and  North  Temperate  regions.  Over  the  years  they  have 
been  introduced  into  suitable  waters  throughout  the  world.  Many 
eoldwater  tailwaters  in  the  United  States  have  been  stocked  with 
hatchery  trout  on  a  put-and-take  basis.  Stocking  is  done  at  regular 
intervals  throughout  the  fishing  season  to  maintain  a  satisfactory 
sport  fishery.  Catchable-si ze  trout  (150-200  mm  long)  are  usually 
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stocked  because  smaller  fish  often  have  poor  survival  to  the  creel 
(Vestal  .19 <>h). 

:V8.  The  rainbow  trout,  is  the  most  common  salmon  id  stocked  below 
dams  because  it  is  1  ess.  cos'  ly  to  raise  and  easier  to  catch.  Other 
saimonids  planted  in  tai 1 waters  are  brown  trout,  brook  trout ,  and  coho 
sain.  >n.  Rainbow  t.rout  are  usually  stocked  in  the  coldwater  tai  Iwaters 
below  reservoirs  built  on  w.armwater  st. reams.  Rainbow  trout  or  other 
trout.s  may  be  stocked  or  may  occur  naturally  in  coldwater  tai Iwaters 
below  reservoirs  built  on  coldwater  st.reams.  Discussion  here  is  limited 
to  the  rainbow  trout  because  it  is  the  most  common  trout  in  tailwaters. 
Rainbow  trout 

:'?9.  liahi  t  at  .  The  rainbow  trout  is  native  to  the  streams  of  the 
Pacific  coast  wher..  many  vnri.-T.ies  or  subspecies  have  developed.  The 
seagoing  form  is  kr;  >wn  as  the  steel  head  trout,  and  is  believed  to  be 
identical  to  the  strictly  freshwater  rainbow  trout.  Because  of  the 
ease  with  which  egg s  of  the  rainbow  trout  can  be  transported ,  different 
s- rains  have  been  distributed  throughout  the  world. 

r>30.  This  species  lives  in  a  variety  of  habitats,  including 
streams,  lakes,  and  reservoirs.  Tiie  rainbow  trout  tolerates  somewhat 
higher  t emperatures.  than  other  trouts  but.  does  best  in  waters  that 
remain  more  or  less  continuously  below  C1.1°C.  According  to  McAfee 
( .1 966 )  ,  the  upper  t  emperat.ure  limit,  for  the  species  varies  from  about 
.'•’..9  to  P9.))°C,  depend  inf  on  the  oxygen  canton*  of  the  water,  sire  of 
fish,  and  degree  of  acclimation.  Cold  wut  ers  discharged  from  the  lower 
levels  of  some  reservoirs  provide  adequate  tailwater  habitat  for  this 
species,  provided  year-round  oxygen  levels  remain  above  9  mg/l . 

PB1.  Kainlv>w  trout  thrive  in  small  to  moderately  large  streams 
and  shallow  rivers,  with  moderate  flow  and  gravel  bottoms  of  the 
pooj-ri ffle  type.  They  generally  prefer  riffles  and  fast-water  areas. 
Depth  criteria  have  not.  been  defined  for  trout  in  general;  however , 
the  depth  of  pools  and  amount  of  cover  appear  to  be  very  important  in 
terms  of  fish  size.  Gunderson  (196B)  found  that  stream  sections 
lacking,  deep  pools  and  adequate  cover  contained  only  finger ling  trout, 
while  stream  sections  with  deep  pools,  separated  by  riffle  areas 
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contained  much  larger  trout.  Trout  require  adequate  stream  depths  for 

normal  intrastream  movement.  Riffles  are  extensively  used  for  feeding 
areas  and  for  movement  between  pools  (Giger  1973).  Minimum  depth 
requirements  over  riffle  areas  vary  with  the  size  of  the  stre;im  and  the 
t  rout  inhabiting  it;  however,  minimum  water  depth  over  riffles  should 
probably  not  he  less  than  O.lB  m.  Giger  (1973)  listed  the  optimal  pool 
depth  for  cutthroat  trout  as  O.h  to  1.1  m,  depending  on  age  and  size. 

per  ( 1073)  stated  that  for  trout  in  general,  areas  with  velocities 
between  9.1  and  31  cm/ see  are  preferred  for  resting. 

2  39.  Reproduct ion .  Rainbow  trout  spawn  between  early  winter  and 
late  spring,  depending  on  the  genetic  strain  and  stream  conditions. 

The  eggs  are  deposited  in  a  shallow  depression  dug  by  the  female  on  a 
clean  gravel  ri ffle.  Females  deposit  between  TOO  and  9000  eggs  in  the 
nest  ( redd ) ,  depending  on  fish  size.  After  all  eggs  are  laid  and 
fertilized,  they  are  covered  with  gravel.  The  incubation  period  varies 
with  temperature,  averaging  about,  f'0  days  at  h.Ji°C  and  19  days  at 
ip. >"°c .  Young  remain  near  the  hatching  site  for  a  while,  tending  to 
school  at  first  and  then  become  solitary  and  more  widely  distributed . 

,.'33.  Ac.*  -ruing  to  Hooper  (1973),  the  optimum  spawning  temperature 
for  spri ng-spawni np  rainb'w  trout  is  11.1°C,  but  ranges  from  7..°  to 
]  3°C.  1  •referred  gravel  size  is,  0.6  to  3.8  cm  in  diameter,  and  pre¬ 
ferred  velocities  for  spawning  are  between  12.6  and  Bp.o  cm/sec. 

9  3'*.  Foi  >d .  Rainbow  trout  eat  a  wide  variety  of  foods  but  depend 
primarily  on  drifting  insects.  A  compilation  of  the  findings  of  many 
studies,  indicates  that  immature  and  adult  aquatic  insects  (principally 
endd  i  sfl  ies  ,  mayflies,  arid  dipt  era  ns) ,  zooplankton ,  terrestrial 
insects,  and  firdi  are  usually  t.he  must  significant  foods,  though  their 
re. las  iv<*  importance  varies  greatly  between  waters,  seasons,  and  size 
of  fish,  large  tr< <u'  include  more  fish  in  their  diet.  Oligochae' es , 
mol  lurks,  fish  ergs,  amphipo  is,  and  algae  are  foods  eaten  less  ex¬ 
tensively,  but  they  may  be  important  locally.  For  example,  in  upper 
Lake  Taneyenmo,  below  Table  Rock  Reservoir  in  Missouri,  amphipod 
crustaceans  make  up  almost  90  percent  of  Idle  trout  diet  (Pflieger 
197'  ). 
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235.  Age  and  growth.  Few  rainbow  trout  live  beyond  6  years,  and 
life  expectancy  for  most  is  3  or  1)  years.  Longevity  is  influenced  by 
many  interrelated  factors.  Poor  food  conditions  may  result  in  poor 
survival  after  first  spawning.  Heavy  angling  pressure  may  crop  most 
fish  before  they  are  U  years  old.  This  is  especially  true  for  fish 
stocked  in  tailwaters,  where  most  may  be  captured  during  the  same  year. 

236.  Maximum  size  of  rainbow  trout  varies  greatly  among  different 
environments.  In  small  streams  adults  rarely  reach  205  mm;  whereas  in 
large  lakes  individuals  occasionally  exceed  13.6  kg.  Maximum  size 
depends  primarily  on  growth  before  attainment  of  sexual  maturity,  which 
in  turn  is  dependent  on  quantity  and  quality  of  available  food.  Most 
growth  occurs  during  the  first  two  growing  seasons.  Growth  is  fair 
for  fish  on  a  plankton  diet,  and  is  best  where  forage  fish  are  abun¬ 
dant.  Growth  usually  declines  after  maturity  is  reached;  this  decline 
is  especially  evident  in  waters  where  large  forage  organisms  are 
lacking. 

237.  The  rate  of  growth  varies  seasonally  and  at  different  ages, 
depending  on  water  temperature,  strain  of  trout,  feeding  conditions, 
age  at  maturity,  and  other  factors.  For  example,  in  waters  with  re¬ 
latively  high  temperatures  throughout  the  year,  such  as  the  tailwaters 
of  some  reservoirs  in  the  southeastern  United  States,  growth  is  fairly 
constant  in  all  months;  whereas,  in  waters  with  seasonal  temperature 
changes,  growth  is  slower  or-  ceases  in  the  winter. 

238.  Hatchery-reared  trout  reach  a  length  of  205  to  25^  mm  when 
about  one  year  old,  at  which  time  they  are  considered  large  enough  to 
stock.  In  Lake  Taneycomo,  Missouri,  where  conditions  for  rapid  growth 
are  favorable,  stocked  rainbow  trout  grow  about  19  mm  per  month 
(Pflieger  1975).  Naturally  reared  rainbow  trout  in  Minnesota  reach 
.125  mm  the  first  year,  230  mm  the  second,  and  521  mm  the  fifth  year 
(Eddy  and  Underhill  197^)- 

239-  The  weight  of  rainbow  trout  varies  greatly  at  lengths  over 
380  mm  because  of  differences  in  feeding  conditions  and  stage  of 
maturity.  Fish  are  heaviest  where  food  is  abundant,  particularly  in 


lakes.  According  to  McAfee  (l 966),  weight  of  fish  in  average  condition 
by  127 -min  fork  length  groups  is  as  follows: 


Length,  mm 

Mean  weight ,  kg 

127 

0.028 

25*4 

0.227 

381 

0.568 

vji 

O 

CD 

1.589 

635 

3.178 

762 

*+.767 

Most  f'ish  spawn  by  age  III;  males  one  year  earlier  than  females.  Size 
at  maturity  is  extremely  variable  but  usually  ranges  between  25*+  and 
38.I  mm.  In  California,  mature  rainbow  trout  typically  weigh  less  than 
0.1+5  kg.  (McAfee  L966). 

Rainbow  trout  in  tailwaters 

2H0.  Habitat .  Trout  are  found  in  most  tailwaters  throughout  the 
United  States  where  summer  water  temperatures  normally  do  not  exceed 
21.1°C.  They  may  occur  naturally  below  dams  built  on  coldwater  streams 
or  they  may  be  stocked  in  tailwaters  below  dams  on  warmwater  streams 
where  hypolimnetic  releases  maintain  coldwater  conditions  throughout 
the  year.  Tailwaters  below  most  deep-release  reservoirs  have  low 
turbidity,  cold  temperature,  and  stabilized  seasonal  flow,  thus  pro¬ 
viding  satisfactory  trout  habitat.  These  tailwaters  often  provide 
coldwater  habitat  on  streams  in  areas  such  as  Texas  and  Arkansas, 
where  trout  could  not  live  before  dams  were  constructed. 

2*+l.  The  quantity  and  quality  of  coldwater  habitat  in  a  tailwater 
suitable  for  trout  are  a  function  of  reservoir  design  and  operation, 
as  well  as  tailwater  physical  characteristics.  Reservoir  features 
that  determine  habitat  suitability  include  reservoir  stratification, 
reservoir  storage  capacity,  reservoir  storage  and  release  patterns, 
and  intake  location.  Tailwater  features  that  influence  habitat  suit¬ 
ability  are  water  temperature,  stream  channel  configuration,  stream 
substrate,  stream  cover,  water  depth,  water  velocity,  water  quality. 
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turbidity,  and  tributary  inflow.  These  factors  act  in  combination  with 
stocking  to  determine  trout  abundance  and  distribution. 

.  Numerous  fish  species  are  found  in  association  with  rainbow 
trout  in  many  tailwaters.  Most  compete  with  the  trout  for  food  and 
habitat.  Game  fish  inhabiting  these  waters  include  largemouth  and 
smallmouth  bass,  blucgills,  longear  sunfish,  and  catfish.  Brown  and 
brook  trout,  may  also  occur  in  the  same  location.  Cyprinids,  suckers, 
rculi-ins,  and  sticklebacks  are  major  nongame  competitors. 

Low  flow,  sometimes  aggravated  by  elevated  water  temperature, 
is  a  c  'mm. >ti  factor  ’limiting  trout  distribution  and  abundance  in  many 
tailwaters.  Low  flows  can  decrease  cover,  increase  overwintering 
mortality,  a  How  sediment  accumulation,  and  cause  stranding.  Reduction 
of  flow  in  a  Tennessee  tail water  limited  habitat  to  a  long  shallow  pool 
with  bedrock  substrate  and  little  cover  (Parsons  19r-7).  Kraft  (1979) 
found,  a  69  percent  decrease  in  brown  trout  habitat  when  flow  was 
reduced  90  percent  in  another  site.  Weber  ( 19^9)  found  that  when  annual 
flow  below  a  reservoir  was  reduced  to  11  percent  of  the  long-term 
average,  trout  habitat  was  reduced  Bp  percent.  Flows  that  reduce  water 
depth  -aver  riffles,  to  7.6  cm  or  less  make  these  areas  unusable  to  large 
trout  (Corning  1970).  Decreased  flows  and  thus  decreased  water  velocity 
favor  small  trout  and  rough  fish  over  large  trout.  Low  flows  also 
cause  a  redistribution  of  trout  to  less  suitable  habitat,  increasing 
competition  with  other  fish.  Corning  (1970)  also  found  that  reduced 
flows  concentrate  fish  in  the  remaining  habitat-  and  intensify  predation. 

!n  the  western  United  Plates,  irrigation-storage  reservoirs 
coiled  surface  runoff  during  winter  and  spring  to  be  used  during 
summer  irrigation.  Holding  runoff  decreases  stream  flows  during  the 
winter  and  spring  which  can  increase  trout  mortality.  Adequate  reser¬ 
voir  disc iiarge  is  critical  during  winter  to  sustain  a  tailwater  trout 
pi  .pul  ••.lion.  The  survival  of  1-year  and  older  trout  was  directly  re¬ 
lated  to  the  magnitude  of  flow  from  a  reservoir  during  the  winter 

go  period  (Nelson  1977).  Vincent  ( 1969)  stated  that  dewatering 
boP-w  a  darn  in  Montana  resulted  in  excessive  mortality  of  young  (age  i) 
trout.  P'.udies  in  Wyoming  showed  that,  seasonal  minimum  flows  were 
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essential  for  trout  survival.  Winter  flows  of  1^.2  m  /sec  were  recom¬ 
mended  to  maintain  adequate  cover  for  overwintering  trout.  Spring  and 
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summer  flows  of  22.7  m  /sec  were  recommended  to  select  against  rough 
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fish  and  for  large  trout,,  and  flows  of  ^5.3  m  /sec  were  recommended 
periodically  to  flush  silt  from  the  tailwater.  A  30-day  survival  flow 
of  3.5  mVseo  was  recommended  for  times  of  extreme  water  shortage 
(Banks  et  al .  19T-'0- 

2^5.  Low  flows  in  tailwaters  allow  sediment  accumulation  in  holes 
and  over  gravel  substrate,  thus  limiting  the  quantity  of  trout  habitat. 
Pediment  input  into  tailwaters  is  usually  from  tributary  inflow  or  the 
erosion  of  alluvial  banks  within  the  tailwater.  Reduced  spring  flows 
below  a  dam  in  Montana  increased  sediment  accumulation  by  tributary 
inflow.  Timed  spring  discharges  from  the  dam  are  used  to  wash  sediment 
downstream  (May  and  Huston  1979) •  Seasonal  flood  flows  over  the  spill¬ 
way  removed  sediment  from  a  tailwater  in  Alaska  (Schmidt  and  Robards 
1276).  feiimont  accumulations  behind  a  dam  in  California  were  reduced 
by  j  or  iodic  flushing  into  the  tailwater,  which  caused  destruction  of 
trout  habitat  for  1.6  to  3.2  km  downstream  (Anderson  1972). 

f-tg.  High  flows  and  flow  fluctuations  in  tailwaters  can  be 
limiting,  factors  for  contain  sine  classes  of  trout.  Ranks  et  al .  (197M 
found  that  water  velocity  increased  sharply  with  increased  dam  dis¬ 
charge'.  Trout  '-'0  cm  1  i.g  or  longer  were  favored  over  smaller  trout  and 
rough  fish  because  e-  i nek  of  resting  cover  and  high  water  velocities. 
High  water  veil  >c !  tier,  and  sparse  cover  result,.-,  in  low  standing  crop 
(2«'.l  and  kg/ha)  and  harvest  (7.7  and  8.6  kg/ha)  of  trout.  The 

trout,  shut  remain  are  usually  large  and  weigh  between  0.7  and  5-5  kg 
(Mu1.  Ian  et  al.  1976)). 

.  ’-'*7 .  Rapid  flow  fluctuation  below  both  hydropower  and  diversion 
duns  has  caused  stranding  of  botti  trout  and  salmon  (Anderson  1972; 

Kroger  1273;  Fowler  1978).  Kroger  ( 1973)  suggested  that  decreasing 
flow:;  at  a  maximum  rate  of  2.8  m "‘/sec /day  would  reduce  stranding  of 
fish  below  a  dam  in  Wyoming.  However,  the  most  serious  effect  of  flow 
fluctuations  appears  to  be  reduced  trout,  reproduction,  rather  than  a 


direct  increase  in  adult  fish  mortality  (Parsons  1957;  Baker  1959; 

Axon  1975) . 

2^8.  The  cold  temperature  of  tailwaters  below  hypolimnetic  re¬ 
lease  dams  built  on  warmwater  streams  helps  trout  to  compete  effectively 
with  or  replace  native  fish  species.  Vanieek  et  al .  (1970)  found  native 
fish  replaced  by  rainbow  trout  in  the  h2  km  of  river  below  a  dam  in  Utah 
and  Colorado.  Lower  water  temperatures  below  a  dam  in  Texas  caused 
partial  replacement  of  20  native  species  by  stocked  rainbow  trout 
(Butler  1913). 

2U9.  Dams  with  hypolimnetic  releases  built  on  coldwater  streams 
have  altered  the  habitat  by  lowering  water  temperatures  and  stabilizing 
flows.  Below  a  Colorado  dam,  reduced  water  temperature  caused  a  re¬ 
distribution  of  trout  species,  with  brook  trout  moving  into  the  colder 
water  near  the  dam  (5-0-8.3°C)  and  brown  and  rainbow  trout  moving  into 
the  warmer  areas  downstream.  After  completion  of  two  Colorado  dams, 
summer  water  temperatures  in  the  tailwater  were  reduced  by  3.2  to 
5.0°C.  The  temperature  reduction  is  believed  responsible  for  trout 
appearing  in  areas  where  they  were  previously  rare  or  absent  (Mullan 
et  al.  1976).  Penaz  et  al.  (1968)  stated  that  the  Vir  tailwater  on 
the  Svratka  River,  Czechoslovakia,  had  reduced  water  temperatures  and 
stabilized  flows  during  the  summer,  and  these  conditions  favored  brown 
trout  over  nase,  a  warmwater  species.  Nase  were  reduced  from  63.^  to 
12.7  percent  of  the  tailwater  fish  harvest  and  brown  trout  increased 
to  76.8  percent. 

250.  In  addition  to  reduced  maximum  temperatures,  the  seasonal 
rate  of  temperature  increase  is  slowed  in  many  cold  tailwaters.  In  a 
Montana  tailwater,  the  normal  spring  water  temperature  of  12.8°C  is 
achieved  6  to  8  weeks  later  than  it  was  before  the  dam  was  built.  This 
change  delays  the  spawning  of  suckers  and  gives  trout  a  competitive 
advantage  in  the  tailwater  (May  and  Huston  1979)- 

251.  Reduced  stream  flows  (usually  less  than  10  percent  average 
daily  flow)  during  periods  of  warm  air  temperature  can  cause  water 
temperatures  to  exceed  lethal  levels  for  trout.  This  situation  often 
occurs  in  natural  streams,  in  tailwaters  below  deepwater  release 


reservoirs  on  formerly  warmwater  streams,  and  “below  hydropower  sons 

that  discharge  only  during  periods  of  high  electrical  demand.  Ivn.iy 

and  Stroud  (19^9),  Parsons  (1958),  Baker  (1959),  Kent  (  i op  ) ,  Aon 

( 197^ ) ,  Axon  (1975),  Aggus  et  al.  (1979),  and  others  have  state  i  that 

high  water  temperatures  may  limit  trout  populations  in  tuilwaters . 

Many  reservoirs  have  incorporated  minimum  water  releases  in  their 

operating  schedule  to  maintain  suitable  flows  and  water  temperatures 

in  tailwaters.  The  U.  S.  Bureau  of  Sport  Fisheries  and  Wildlife  (1969) 

3 

recommended  a  minimum  flow  of  7-1  to  11.3  in  /see  to  maintain  the  trout 
fishery  in  a  Wyoming  tail water.  Suitable  trout  water  temperatures  are 
maintained  for  9.7  km  below  Canyon  Dam,  Texas,  by  cold  hypolimnetic 
discharge  (Butler  1973). 

352.  Extremely  cold  water  temperatures  were  associated  with  the 
loss  of  a  trout  fishery  in  several  tailwaters.  A  New  Mexico  tailwater 
experienced  an  8-month  average  water  temperature  decline  from  10°C  in 
1968  to  5°C  in  1971.  This  temperature  change  was  associated  with  a 
decrease  in  trout  harvest  from  78,656  fish  in  1968  to  10,61)2  in  1971 
(Mull an  et  al.  1976).  In  a  similar  situation,  an  average  trout  harvest 
of  109.5  kg/ha  was  recorded  when  annual  water  temperatures  ranged  from 
3.1  to  12.0°C;  however,  when  the  average  annual  temperature  range 
decreased  to  between  h.2  and  9.2°C,  the  trout  harvest  decreased  to 
only  6.2  kg/ha  (Mull an  et  a  1 .  1976). 

253.  Low  dissolved  oxygen  concentrations  and  gas  supersaturation 
resulting  in  nitrogen  embolism  can  cause  mortality  of  trout  in  other¬ 
wise  suitable  tailwater  habitat.  Low  dissolved  oxygen  is  a  problem 
og+en  encountered  iri  the  southeastern  United  Elates  in  tailwaters  of 
deep— release  dams  built  on  warmwater  streams.  This  oxygen  deficiency 
occurs  when  a  reservoir  thermally  stratifies  and  decomposition  of 
organic  matter  within  the  hypolimnion  consumes  available  oxygen. 

Nitrogen  embolism  may  occur  when  fish  inhabit  tailwaters  that  are  super¬ 
s'll  lira \ou  with  atmospheric  gases  .and  the  body  fluids  of  the  fish  also 
become  supersaturat ed . 

25)1.  Trout  generally  prefer  water  with  5  mg/l  or  more  dissolved 
oxygen.  The  species  may  not  survive  when  hypolimnetic  release  water 
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contains  little  or  no  dissolved  oxygen.  The  penstock  design  at  some 
dams  does  not  allow  for  aeration  of  hypolimnetic  water  before  release 


into  the  t.ailwaters.  bow  dissolved  oxygen  was  found  to  limit  the  fauna 
in  some  tali  waters  (Hill  1978).  A  dissolved  oxygen  concentration  of 
0.8  my/ 1  prosunabl y  caused  the  death  of  about  100  rainbow  trout  in  an 
Oklahoma  tail  water  (Deeper!  1978).  However,  a  dissolved  oxygen  concen¬ 
tration  of  P  mg/ i  in  November  1951  in  a  Tennessee  t.ai  1  water  caused  no 
apparent,  signs  of  distress  in  trout  (Pfitrer  198.?) .  Raker  ( 1959)  found 
low  dissolved  oxyron  ana  distressed  fish  directly  below  a  dam  in 
Arkansas  in  the  fall.  The  oxygen  concentration  returned  to  normal  and 
fish  recovered  downstream  over  the  first  riffle.  Turbulent  flows  in¬ 
crease  the  aeration  process  and  thus  improve  the  tailwater  habitat  by 
increasing  dissolved  oxygen  concentrations. 

■'•••.  9as.  .'urerrntuivit  ion  has  been  a.  irtu.t-r  cause  .-.f  steel  head  arid 
:■  al  i  ty  during  high-water  years  in  the  Snake  River,  Idaho  and 

’.•inshin  f  r,  ( Rurm-  1 979 )  •  >1  raves  and  Haines  ( ]  98.0 )  stated  that  dead 

fish  vi’h  ,*•*.:  bubbles  or.  {.he:  r  fins  wore  found  wi  thin  1.6  km  of  a  dam. 
in  l.'ew  "■  x‘c  ■  n  several  occasion;; .  N  i 4  roger.  surers.a  turat  ion  below  a 
Mu.ven  ia.m  pers  i  ste.i  for  some  km  downstream  because  flows  in  the 

tui  I  wafer  we  no*  'urbulent  enough  to  dissipate  the  nitrogen.  0;'  J9 
rainb.w  r -a  •  held  in  cage  below  this  torn,  .  1  .1  i  ed ,  presumably  of 
nitrogen  embolism  (U.  b.  Bureau  of  Reclamation  1973). 

"f  .  Qp;  '■  :  io  ‘  i  .  :'*•  pawning  of  rainbow  trout  has  been  observed 

it.  several  ■•old  »  a  i  1  writers  ,  a  1 !  ii.  "jgh  survival  of  eggs  and  juveniles  is 
lew.  Trout  ;  >ula*  i  •  >ns  In  t  a  i  ]  waters  s<  l.v  on  st  ocking  or  recruitment 
fr  r.  •  tie  S’  j  r  above  to  maintain  their  populations  (Stone  1972). 

■  ”W  ■ :  •■-sus'  a  i  !;i  ng  tail  w.a  t  or  tm-nt  populations  ‘tint  support  a  f  i  shery 
any  >•<>:  -r*  e  :  it.  t  lie  literature.  Spawning,  may  occur  in  tribu¬ 
taries  wh-' re  ;  . .  mndi  ♦  ions  are  favorable,  but  the  magnitude  of 

‘ ribs'  e-Y  s ;  • ; wn ;  t . ; *  has  not  been  adequate  to  maintain  fishuble  trout 
pel  >;1  a  *  ;;  r.s  : :  i  >s.t  {  a  i  i  waters  . 

.  The  imrr.h  environmental  conditions  (flow  fluctuations,,  de¬ 
ws'.  •  "mg)  "int.erod  in  ta.ilwa.tfvs  reduces  reproduet i ve  success, 
f.  ruinr  (  1  ,_>7 c )  f,  ui.d  Mr?  high  Hows  washed  out  trout  reads.  Parsons 


( 10 found  the  3-r  water-level  fluctuation  in  a  Tennessee  tni lwater 
from  October  t  hreugh  Dec  Tiber  detrimental  to  trout  reproduction.  Redds 
were  consistently  semiri?  i  out  at  high  flows  and  stranded  on  dry  shoals 
during  low  flows.  Rainbow  t  mu*  spawn  i  nr  in  December  and  January  was 
Common  or,  shoals  and  ri  fries  in  -m  Arkansas  tail  water,  but  water-level 
fluctuation  caused  roll  inn  crave]  and  destruction  of  redds.  Spawn i nr 
in  1  Lbutar  i  es  was  suc-'osnful  ,  but  the  contribution  of  naturally  pro- 
da -cd  fish  to  the  trout  fishery  in  tailwaters  was  insign: fiennt  (Parson: 
19 ‘>7 ;  Raker  195°;  Pfitzer  l0'*:’).  Low  trout  populations  in  the 
Rea verbena  River-,  Montana ,  wore  caused  by  poor  reproductive  success  due 
•o  1  w  ‘ws.  f.prinr  and  winter  dewater i nr  ( 1 '■  w  flows)  of  the  river 
■■  is  '  i  by  ;  rri ration  s‘nne'  reduced  err  and  larvae  survival  by  de¬ 
acon  sir...-  ‘‘no  cross-sections'1  are-:  and  water  so'  -.city  of  the  stream 
(riel;-,  a  ;  07".' ) .  Porni  nr  ( 1  •">  ’  1 '  found  that  low  f!  ::ws  exposed  trout  redds 
go  !,>:e  a  i  ay;  i  1  iK-”-?-!  sc  I  s  i  1 1  a  t  i  on  ,  thus  reducing  er.r  survival  from  7r 
s'ercerp  4  o  only  17  eer-ont .  filiation  filled  the  interst  ices  of  the 
subs!  rate  and  nmot  he  rod  the  <-.-r  s.  l-climidt  and  Rebard  s  ( .1 97  '■ )  suggested 
stared  flows  in  an  Alaska  < a i lwater  to  clean  the  substrate  and  increase 
t.'--’.]‘  and  salmon  spawn  in;*  a.  i  rear  \  nr  habi  tat. . 

s  .  Prawning  s'  trout  is  c<  >mmon  i  n  n  Wyoni ng  t  ai  lwater,  but  the 
lack  of  coyer  reduc--:-.  survival  of  fry.  This  tai  1  water  rel  ies  on  an 
annual  sfoekinr  of  R.’iR  rainbow  t’-out  finrerli ngs  per  hectare  to  main¬ 
's!  in  the  fishery  (Mu  I  lan  ct  al  .  1?Y”).  Moffett  (  lolif)  recommended 

s'  •  .ekinr  of  -.n,0()0  finrerlinr  rai  nb-  -w  trout  ( 1P7  to  178  mm  long)  per 
yea*-  '  enmpec.:--!'  far  I  *w  reproduction  caused  by  watei — level  fluctua¬ 
tions  in  -i  '  a  i  i  water  in  IJevada  and  Arizona. 

no .  A::  *bv!-"ir  effect  f  iam  construction  is  the  blockage  of 

f !  rd:  ••  J  rr-.-'  *!  *n  ur  st  ream  to  rpawni  nr  grounds .  Construction  of  a  dam 
n  ••  '•-.I'-'  ‘  :  ,  ir.rou::  !>* !  '  n  percent  of  the  salmon  spawning 

.  .....  ..  101,0) .  Attempts  to  mitigate  loss  of  spawning  areas  by 

•  •  . . .  i — al;-  t-ar'  ly  successful  ,  particularly 

f  ••  ;■  s:  ••  (■■•:;.->•  -r:  ■  '.-.'ben  a  in'  .-hory  for  Baltic 


hatchery  because  he  believed  the  high  number  of  predators  in  the 
t.ailwater  would  devastate  the  yearling  salmon.  Striped  bass  and  saugers 
are  significant  predator’s  on  small  trout  stocked  in  some  tailwaters 
during  certain  seasons  (Boles  1969;  Arizona  Game  and  Fish  Department 
lb?.';  Pepper!  197”). 

.'(>0.  Food ■  Food  studies  have  been  completed  on  trout  from  a 
number  of  tailwaters  and  it  is  apparent  that  their  diet  is  very  diverse 
(Table  l).  (Madophora  beds  are  an  important  food  source  for  trout  in 
tailwaters  (Moffett  19^-2;  Mullan  et  al.  1976).  Trout  graze  on  these 
mats  and  ingest  the  algae  and  the  isopods,  simuliids,  and  mayflies 
harbored  therein.  In  some  tailwaters,  food  organisms  have  been  intro¬ 
duced  to  provide  fend  for  trout.  SnaiLs  were  introduced  below  Glen 
Canyon  Dam,  Arizona,  and  amphipods,  were  introduced  into  Taneycomo  Lake, 
Missouri  (Table  Rock  tail water)  (Mullan  et  a! .  1976;  Ralph  Barrens, 

U.  C .  Fish  and  Wildlife  Cervine,  personal  communication). 

.'(G.  Trout,  are  not  totally  dependent  on  food  production  within 
the  tai  lvrater .  In  Dale  Hollow  t.ailwater,  Tennesr.ee,  >ql  percent  of  the 
organisms  in  rainbow  trout  storm  Its.  were  e.ladoeerans  which  were  pro¬ 
duced  in  the  reservoir  above  (l.it.t  1 0  1  o(-,y ) .  Tu  this  same  tailwat.er, 
rainbow  trout,  weighing  from  I.”  to  '.1  kg  ate  empties  1  OP  to  152  mm 
long  which  had  been  stunned  when  they  panned  through  t  he  dan  (Parsons 
1 0r>7 ) .  Rainbow  trout  below  Center  Hill  Dam,  Tennessee,  fed  heavily  on 
M-t  7('-mr.  thread  fin  shad  which  had  panned  through  the  turbines 
(Parsons  1 957 ) .  In  Wyman  t  a i  1  water ,  Maine,  rainbow  trout  over  i*0C>  mm 
long  were  more  piscivorous  than  smaller  trout.  Gmnller  ‘..rout,  ate 
Chi ronomf dae  (dipt.or.uns)  which  were  produced  in  the  reservoir  and 
carried  into  the  t.ailwater  (Trotsky  1971). 

Food  organ  i  sms  eaten  by  rainbow  t*\  ut.  collected  below  a 
reservoir  differed  from  that  of  fish  )i8.R  km  downstream  (Welch  19bl) . 
Algae  were  the  primary  food  below  the  dam ,  and  mayflies  and  small 
stone  PI  i  es  farther  downstream.  The  influence  of  t.ailwater  flow  and 
temperature  on  food  availability  decrease's  downs!. ream  as  tributary 
inflow,  meteorological  conditions,  and  other  influences  moderate  the 
effects  "f  the  d i sehargo.  Brown  trout  that  were  collected  immediately 
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introduced  snails  Julian  et  al.  1976 


below  a  reservoir  in  Colorado  ate  more  dipterans  (small-bodied  insects) 
than  those  collected  downstream,  which  ate  primarily  trichopterans  and 
epheraeropterans  (Weber  1959)- 

263.  Food  is  rarely  limiting  on  the  trout  populations  in  cold 
tailwaters  because  of  natural  food  production  within  the  tailwater  and 
food  exported  into  the  tailwater  from  the  reservoir  above.  Food  orga¬ 
nisms  exported  from  the  reservoir  display  seasonal  abundance  patterns; 
quantities  available  in  the  tailwater  are  greater  during  spring  and 
autumn  than  during  midsummer  and  winter. 

26b.  Age  and  growth.  Trout  growth  in  tailwaters  is  variable, 
generally  being  comparable  to  that  in  reservoirs  and  often  exceeding 
that  in  natural  streams  (Welch  1961;  Trotzky  1971).  The  average 
length  of  rainbow  trout  captured  below  Blue  Mesa  Dam,  Colorado,  in¬ 
creased  from  2)46  mr.  before  impoundment  to  ?85  mm  after  impoundment 
(Wiltzius  1978). 

265.  Rapid  growth  of  rainbow  trout  stocked  in  tailwaters  has  been 
reported  in  a  number  of  studies.  Mullan  et  al .  (1976)  reported  that 
stocked  fingerlings  averaging  19-1  min  long  grew  76  to  102  mm  per  year  in 
Glen  Canyon  tailwater,  Arizona;  7 6 -mm  fingerlings  grew  to  mm  in 
length  in  one  year  in  Flaming  Gorge  tailwater,  Utah;  end  76-to  127-mm 
fingerlings  grew  to  2r>l  to  381  mm  in  length  in  Fontenelle  tailwater, 
Wyoming.  Rainbow  trout  fingerlings  released  at  an  average  .length  of 
mm  grew  178  mm  from  July  to  December  in  Navajo  tailwater.  New 
Mexico  (Olson  1965).  Stevenson  (1975)  reported  that  the  average  length 
of  rainbow  and  brown  trout  below  Yellowtail  Dam,  Montana,  increased 
157  mm  between  May  and  December. 

766.  The  abundance  of  food  organisms  coming  from  a  reservoir  and 
of  invertebrates  produced  in  the  tailwater  is  associated  with  rapid 
growth  of  trout.  Parsons  (1957)  stated  that  rainbow  trout  in  Center 
Hill  tailwater,  Tennessee,  fed  on  threadfin  shad  coming  through  the  dam 
and  grew  25  mm  per  month.  The  availability  of  the  higher  quality  food 
(fish  versus  insects)  in  Center  Hill  tailwater  apparently  produced  the 
rapid  growth.  Rainbow  trout  growth  decreased  in  Dale  Hollow  tailwater, 
Tennessee,  in  1953  and  1  95h  when  the  number  of  fingerlings  stocked  was 


increased  from  20,000  to  30,000.  This  indicated  high  utilization  of 
available  food  in  the  tailwater.  Temperatures  in  Dale  Hollow  tailwater, 
which  range  from  7.2  to  13.3°C  with  a  maximum  monthly  variation  of 
1.7°C,  are  considered  excellent  for  trout  growth  (Parsons  1957).  Rain¬ 
bow  trout  that  fed  on  the  large  numbers  of  arthropods  harbored  in  the 
vegetation  in  Norfork  and  Bull  Shoals  tailwaters,  Arkansas,  during  1957, 
grew  23  mm  per  month.  In  1958,  when  flood  flows  washed  out  much  of 
this  vegetation,  trout  growth  decreased  to  17  mm  per  month  (Baker  1959). 

267.  Trout  growth  in  tailwaters  and  other  areas  has  been  discussed 
by  several  authors.  Irving  and  Cuplin  (1956)  reported  only  small  dif¬ 
ferences  in  growth  of  native  and  stocked  rainbow  trout  captured  in 
several  Snake  River  tailwaters: 


Total  length,  mm 


Age 

Native  fish 

Hatchery  fish 

I 

130 

127 

II 

262 

2hU 

III 

351 

333 

IV 

U67 

UU5 

V 

>488 

—  — 

Also,  no  differences  in  growth  could  be  shown  for  rainbow  trout  taken 
from  tailwaters  or  impoundments  on  the  Snake  River,  Idaho.  Trotzky 
(1971)  found  that  rainbow  trout  in  Kennebec  River  tailwaters,  Maine, 
grew  faster  than  rainbow  trout  in  streams  and  lakes  from  other  areas 
of  the  United  States.  Large  trout  have  been  reported  from  several 
tailwaters.  Rainbow  and  brown  trout  weighing  6.8  kg  have  been  captured 
in  the  White  River  tailwaters,  Arkansas  (Baker  1959),  and  trout  up  to 
5.5  kg  are  common  in  Fontenelle  tailwater,  Wyoming  (Banks  et  al.  197^). 

?68.  Reduced  water  temperature  extremes  in  winter  and  summer  and 
a  more  homogeneous  temperature  regime  throughout  the  year  appear  to 
have  resulted  in  year-round  growth  of  rainbow  trout  in  some  tailwaters. 
This  conclusion  is  supported  by  the  inconsistent  age  readings  and  lack 
of  annulus  formation  on  scales  of  trout  from  some  tailwaters  (Moffett 
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19*+2;  Parsons  1957;  Pfitzer  1962;  Olson  1968).  In  Watauga  tailwater, 
Tennessee,  where  winter  water  temperatures  are  moderate,  year-round 
growth  of  rainbow  trout  averaged  15  mm  per  month.  Little  or  no  fish 
growth  will  occur  in  tailwaters  where  winter  water  temperatures  are 
extremely  cold. 


Esocidae  (Pikes) 


269.  There  are  four  species  of  the  pike  family  in  North  America: 
grass  pickerel,  chain  pickerel,  northern  pike,  and  muskellunge.  The 
natural  range  of  the  chain  and  grass  pickerels  is  the  eastern  United 
States;  whereas,  that  of  the  northern  pike  is  north-central  United 
States  and  Canada,  and  that  of  the  muskellunge  is  the  Great  Lakes 
states  south  to  Kentucky.  Northern  pike  and  muskellunge  reach  a  large 
size  and  are  highly  regarded  as  game  fishes.  Both  species  or  their 
hybrids  have  been  stocked  extensively  in  some  reservoirs.  The  chain 
and  grass  pickerel  are  smaller  fish  and  though  chain  pickerel  provide 
fishing  in  some  streams,  grass  pickerel  seldom  reach  catchable  size. 

The  pickerels  occur  in  some  tailwaters,  but  they  receive  little  mention 
in  the  literature  and  will  not  be  discussed  further. 

Pikes 

270.  Habitat .  All  pikes  have  similar  requirements  in  that  they 
prefer  clean,  quiet-water  areas  of  lakes  and  streams  where  there  is  an 
abundance  of  aquatic  vegetation.  In  streams,  they  prefer  cover  along 
the  margins  in  patches  of  vegetation,  beside  submerged  roots  or 
branches,  or  in  patches  of  shade.  Northern  pike  are  commonly  found  in 
a  variety  of  habitats  in  Jakes,  reservoirs,  and  large  streams,  and 
muskellunge  in  lakes  and  pools  and  backwaters  of  slow-moving  streams. 

271.  Reproduction .  Pikes  spawn  in  the  spring  soon  after  ice-out. 
They  move  into  marshes  or  other  shallow  marginal  waters  where  vegeta¬ 
tion  is  abundant.  No  nest  is  built,  and  eggs  are  broadcast  and  aban¬ 
doned.  The  adhesive  eggs  sink  and  adhere  to  the  bottom  or  to  vegeta¬ 
tion.  They  hatch  in  10  to  lh  days,  and  the  larvae  remain  inactive  but 
attached  to  vegetation  for  6  to  10  days  or  until  the  yolk  sac  is 
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absorbed.  Both  eggs  and  young  may  be  stranded  if  water  levels  drop  in 
the  shallow  breeding  areas.  Studies  suggest  that  spring  water  levels 
must  remain  high  for  at  least  a  month  after  pikes  spawn  to  obtain  good 
year-class  survival . 

272.  Food .  Pikes  are  carnivorous,  feeding  principally  on  other 
fishes.  They  remain  motionless  near  cover  and  dart  out  to  capture 
unwary  passing  prey.  Pike  larvae  eat  zooplankton  and  the  larger  young 
eat  aquatic  insects  and  small  fish. 

273.  Age  and  growth.  Growth  of  both  the  northern  pike  and 
muskellunge  is  extremely  rapid.  Nor' hern  pike  average  251  mm  long  at 
the  end  of  their  first  year  and  777  mm  at  the  end  of  their  sixth  year 
(Karvelia  196M  .  The  maximum  length  of  males  probably  does  not  exceed 
760  mm  (Threinen  et  al.  1966).  Maximum  length  of  females  may  exceed 
10l6  mm,  but  few  survive  beyond  12  years.  Muskellunge  average  267  mm 
long  at  the  end  of  their  first  year  and  769  mm  at.  the  end  of  9  years 

( Karvel i r.  1.96>t).  Maximum  ago  is  about  20  years,  and  maximum  reported 
length  is  in  excess  of  1270  mm.  For  all  species  of  pike,  females  grow 
more  rapidly  and  live  longer  than  males.  Most,  fish  are  mature  when  2 
or  3  years  old. 

Pikes  in  tailw, nters 

P7-» .  None  of  the  pikes  are  common  tail waters.  They  may  be  found 
there  for  several  years  after  construction  of  a  reservoir  on  rivers 
whore  the  species  occurs  naturally  or  after  stocking  within  the  reser¬ 
voir.  They  may  move  upstream  into  tailwaters  from  downstream  locations 
•it  certain  t  imes  of  the  year  to  feed  or  spawn. 

272.  Most,  northern  rike  and  muskellunge  found  in  tailwaters  have 
passed  over  nr  through  a  dam  from  the  reservoir  above  (Diuzhikov  1961; 
Hanson  1977;  Wiltsius  1978).  During  or  immediatly  after  the  filling 
of  a  new  reservoir,  pike  may  become  common  in  the  tailwater  for  a  short 
period.  Diuzhikov  ( 1 9 6>  1 )  reported  large  year  classes  of  pike  being 
p  dinted  in  Kuibyshev  Reservoir,  Volga  River,  as  it  was  being  filled. 
Many  of  these  fish  passed  over  the  dam  and  congregated  in  the 
tailwaters,  feeding  on  the  large  numbers  of  small  fish  that  passed  over 
the  dam  or  were  blocked  during  upstream  migrations.  During  the  two 
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'  ■'<  three  years  !\>1  lowing  i impoundment  ,  up  to  Uo  percent  of  the  number 
and  90  percent  of  the  biomass  of  fish  eaup.ht  in  the  tail  waters  were 
l  ike-.  Those  hiph  catches  were  followed  by  a  rapid  decline  in  numbers 
within  h  years  (Chikova  196fl). 

.’To.  Th.e  loss  of  pike  tVom  Kuibyshev  tailwaters  can  be  attributed 
*o  both  reduced  reproduction  in  the  reservoir  arid  lack  of  spawning 
success  in  t.ho  t.uLJwuter .  .’.pawning  iu  {.he  tail  water  was  delayeu  from 
early  .'lay  to  lab.-  May  because  of  slower  warm.inp  of  water  and  hiph  daily 
an.i  weekly  water-level  fluctuations  caused  by  hydropower  production, 
which  further  inhibited  spawning.  Audi  t. i »  ually,  a  seasonal  drop  in 
water  levels  of  .**  to  ‘  in  occurred  '.urine:  embryonic  development,  re- 
.a.l ’  ins  in  massive  desiccation  of  the  deposits  i  errs  and  larvae 
(i'diseov  and.  fhikeva  1  °ob  1  . 

A  similar  situation  occurred  in  liarvskaya  tailwaters  on  the 
i.'-r  t  vi  -r ,  wii’-ro  ro-ular,  sliar:  water-!  eve!  ‘‘iuctuat  ions  due  to 

!  :V  wor  ; ...  .aki activi  i;.  resulted  in  the  disruption  •  -r  cessation  of 

:  ike  awiiinr.  This  was.  -'V  i  lent  from  t.ho  lar, re  number  of  adul  ‘  pike 

•''■ir.d  to  be  ;a  s  irbino  sexual  an  luct.r.  ( Barannikova  19' >9) .  Disappoar- 
■'  tort  hen.  tike  from  the  tailwaters,  below  f  sir  hydropower  im- 
:  ,  undmeib  s  ( e Cooke,  Five  Channels,  Fcot.e,  and  Mio)  on  the  Au  Cable 
1  v-  r.  Mi  -hiran,  is  bel  i  ovoi  to  'nave  been  caused  by  the  Lack  of  snawr.inp 
.;  s  in  t  he  ta  i  Lwa  t...  rs ,  oouilod  with  a  r<  >neral  decrease  in  produc- 

•i.i'y  of  •  (,•••  unrtream  reserv  vi  rs  ( H  i  c hards  1976) . 

Mams  have  als.  effectively  limited  reproduction  by  blocking 
voment  of  fish  t  .  f  i,ei  r  upstream  a  pawn  i  up  grounds.  This,  occurred  on 
‘.be  Mid  ile  rk  •  ■:*  the  Kentucky  Fiver  where  muskel.1  unpe  numbers  have 
s’ea.iily  declined  since  the  construction  i'll'  Buck  horn  Reservoir, 

K"ntucky  (Brans  >n  1971'). 

;’V9.  The  ef'ect.s  of  flow  reputation  on  pike  are  not  limited  to 
‘if  immediate  tail  waters  of  certain  dams.  Reduced  river  flows  resull- 
ir:c  from  reserve  i  r  f  i  1 1  i  np  can  affect  pike  distribution  and  reproduc- 
t  i .  .(>.  hundreds  of  kilometres  downstream.  bow  winter  flows  below  Bennett 
Dam  .a  i'eare-A thabusoa  Ibiver  in  Canada  durinp  the  fill  inp  of 

Vi’il  listen  bake  t  hre.atened  flic  nortdiern  pike  populations  in  bake 


Athabasca  through  severe  freezing  of  shallow-water  areas  and  increased 
oxygen  depletion  which  caused  a  winter-kill  (Townsend  1975). 

280.  Similarly,  flood  control  below  the  Volgograd  hydropower 
facility  on  the  Volga  River  has  affected  the  northern  pike  population 

in  the  delta  on  the  Caspian  Sea  far  downstream.  The  low  water  resulting 
from  spring  flood  control  has  shifted  the  pike's  distribution  within 
the  delta  and  has  caused  a  delay  in  the  spawning  season  from  March-April 
to  May  and  a  corresponding  decrease  in  spawning  success.  The  delay  in 
spawning  shortened  the  foraging  season,  and  pike  growth  rates  declined. 
Additionally,  the  reduction  in  numbers  of  the  pike's  prime  forage 
species,  mainly  spring  spawning  vobla,  pike-perch,  and  bream,  resulted 
in  a  decrease  of  its  annual  food  supply  (Orlova  and  Popova  1976). 

Cyprinidae  (Minnows) 

281.  The  minnow  family  is  the  largest  of  all  fish  families.  Most 
members  are  small,  but  some  (carp,  squawfish,  chubs)  attain  large  size. 
Minnows  are  found  in  all  natural  waters,  but  are  more  common  in  streams 
than  in  lakes  or  ponds.  In  streams,  they  are  often  more  numerous  than 
all  other  fishes  combined.  Minnows  are  efficient  in  transforming 
minute  aquatic  food  into  sizable  food  for  larger  game  fishes. 

282.  As  a  group,  the  cyprinids  vary  greatly  in  food  habits;  some 
feed  on  insects,  some  on  algae,  and  some  on  the  organic  mud  of  the 
bottom;  still  others  are  omnivorous.  Habitats  may  include  silty,  clear, 
or  bog  waters;  quiet  or  rapidly  flowing  streams;  sand,  mud  or  gravel 
bottoms . 

283.  Spawning  migrations  by  minnows  are  limited;  no  species  moves 
more  than  a  short  distance  upstream,  or  beyond  the  shoals  of  a  lake. 

All  spawn  in  spring  or  summer  and  the  incubation  period  of  the  eggs  is 
relatively  short.  Some  species  merely  scatter  their  eggs  in  a  suitable 
habitat;  others  deposit  them  in  specially  prepared  nests;  and  still 
others  guard  the  eggs  until  they  hatch. 

28k.  Many  different  species  of  minnows  often  occur  in  the  same 
waters,  in  such  instances,  the  various  species  are  found  over 
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different  types  of  bottoms:  mud  feeders  over  mud  bottom,  algae  feeders 
over  algae-covered  rocks,  and  insect  feeders  over  sand  and  gravel  or 
other  types  of  bottoms. 

285.  With  the  exception  of  carp  and  some  chubs,  minnows  are  not 
sought  by  sport  fishermen.  Most  minnows  are  effective  baits  for  the 
taking  of  sport  fishes.  Because  of  the  large  number  of  minnow  species, 
this  discussion  of  life  history  is  limited  to  the  following  general 
cyprinid  groups:  carp,  chubs,  true  minnows,*  shiners,  and  stonerollers 
Species  considered  within  these  groups  are  those  most  often  mentioned 
in  tailwater  literature.  Discussion  of  cyprinid  occurrence  in 
tailwaters  includes  the  above  five  groups  plus  daces,  squawfishes  and 
chiselmouths,  and  cyprinids  in  Russian  tailwaters.  Daces,  squawfishes, 
and  chiselmouths  are  of  local  importance,  and  Russian  cyprinids  are 
included  to  illustrate  tai lwater-fish  problems  similar  to  those  found 
in  the  United  States. 

Carp 

286.  Habitat.  Carp  are  found  throughout  the  United  States.  The 
species  is  very  adaptable  and  occurs  in  most  aquatic  habitats  but  is 
most  common  in  large  streams,  lakes,  and  man-made  impoundments  that  are 
highly  productive  because  of  natural  fertility  or  organic  pollution. 

In  streams,  adult  carp  are  usually  found  near  submerged  cover  such  as 
brush  piles  or  logs  and  where  the  current  is  the  slowest.  In  lakes  and 
reservoirs,  carp  are  usually  found  near  shore  or  in  shallow  embayments; 
an  occasional  fish  may  be  found  in  depths  exceeding  10  m. 

287.  Carp  do  not  school,  but  they  do  form  loose  aggregations. 

The  species  is  not  considered  migratory,  but  some  individuals  move  for 
long  distances.  Where  carp  become  abundant  there  is  usually  a  general 
deterioration  of  the  habitat  because  of  increased  turbidity  and  destruc¬ 
tion  of  aquatic  vegetation  caused  largely  by  the  fish's  feeding  habits. 

288.  Reproduction .  Carp  move  into  shallows  to  spawn  between  late 
March  and  late  June.  Spawning  starts  at  water  temperatures  of  1U.5  to 

^Members  of  the  family  Cyprinidao  whose  common  name  includes  the 
word  "minnow"  (Bailey  et  al .  1970). 
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j  f°C  but  peaks  at  ’’8.9  to  ?0°C.  The  eggs  are  scattered  over  logs, 
rocks,  or  submerged  vegetation.  Eggs  hatch  in  i»  to  R  days,  depending 
on  temperature ;  there  is  no  parental  care  of  eggs  or  fry.  Carp  often 
spawn  in  water  so  shallow  that  their  backs  are  exposed  and  the  noise 
created  as  they  thrash  about  can  be  heard  f  r  considerable  distances. 

?89 .  Food .  Carp  feed  on  a  variety  of  animal  and  plant  material. 
Aquatic  insects  are  the  most  common  diet  item  and  plant  material  ranks 
second.  Most  active  feeding  occurs  in  late  evening  or  early  morning 
anil  food  is  probably  located  more  by  taste  than  by  sight.  Carr  are 
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also  numerous  below  Kern  Hi  dge  Reservoir,  Oreg.r.  (Hutchison  et  al . 

1 960 ) . 

909 •  Carp  have  also  adapted  well  to  conn : t ions  in  a  number  tf 
cold  tai  l waters.  Creel  surveys  in  Ki  ntueky  n  Die  Barren  Reservoir 
and  Hul  in  Reservoir  t.u :  1  waters  from  L9<  7  ‘  h.  rough  1971  recorded  catches 
of  carp  ranging  fun  1,100  to  (',000  and  ]  I.  '<  to  10,000  fish,  respec¬ 
tively.  These  catcher,  accounted  for  to 


00 


10  nercent  of  the  total 


fishing  -a  •  eh  these  tail  waters  during  those  years  (J.  P.  Carter 
.  •"  a  ;  U-s  and  MeLemore  1  97  a )  -  Tn  addit  ion,  carp  composed  50  per- 

,  .•  ••  ’he  :'i eh  population  ( estimated  from  samples  collected  by 

■  •  ■  ■■  •"  i  nr.)  in  Colin  Reservoir  tail  water  in  March  1966  ( J.  P.  Carter 

.  '.  Carp  are  abui.uanl  it;  Chilhowee  and  Norris  t  ai  1 waters, 

(bill  IdyP) .  They  are  one  of  the  dominant  species  in  Dale 
v  •  ai  '.voter,  Tennessee  (Bauer  1976).  Though  n 't  tiumerous  in  the 
i  l‘ .  •  t.a  f]  wat  or,  carp  wore  round  to  make  up  ln  percent  of  the  fish 

;  !  ■  a  downs  fre.am  below  Cumberland  Dam,  Kentucky  (Henley 

:  ;VY '  .  Carp  are  cenuvmly  found  in  angler  catches  in  u  series  of 
La:  !  \oi‘ err  ot.  the  Drake  River,  Td.aho,  including.  Lower  Prlrion  Falls, 


i-uiss,  and  C.  -T  .  strike  (  rv  i  r.g  and  Cup]  in  1956).  Holden  and  Ptalnaker 
V  i  07 1  )  al.ro  re:  •  ft  ed  oari-  .as  below  Glen  Canyon  Dam,  Colorado.  Not 

ali  eoiu  t  .allwaters  cent  inue  *-.•>  |  rovide  good  carp  habitat.  Carp  have 
.•■  ■or' as*  j  in  abundance  in  a  V.'y ra  •.:-  t.a i  Iwa ■  er,  apparently  because  of 

•  roe!  itiit:.-*  teraporat  urea  (MulJ.an  e:  at.  IQYo) . 

Dam  eons*  ruet  i.>n  has  1  I-.i  t.ci:  the  di  str ibw,  i or.  of  earn.  '1'he 
ut  r‘:va.::i  nigra’.  1  on  of  ear:  out  of  some  Tennessee  reservoirs  has  been 
la.vkni  by  !  ■  dams.  This  helps  maintain  the  populations  of  small - 
nout  h  bars  an:  other  game  fish  i Ui"Sc  s  t  reams  by  limiting  competition 
(Ruhr  1  ) .  it.  the  Kenneb-.  o  Hi  vr ,  Ma  ine,  carp  have  beer,  kept  out  of 

:  he  pr.  -  tive  upper  river  by  fne  :  i  absence  of  Augusta  Dam  (Foye  et.  al . 

1  °i  a  l . 

DnoeessfuJ  carp  reproduction  may  occur  in  tai  Iwators ,  but  it 
has  1-  vri  fiel.  Running  rime  carp  were  caught  in  Lewis  and 
Clark  '  a  i  •  wa  i  •  •  •• ,  .'-••:*  n  Dakota  and  Nebraska  ,  at  temperatures  of  p;’°C, 
an  l  sperd  females  were  found  after  l  emporuturos  of  .'5°C  were  reached. 

I:  y .  ung—  ■  f  - 1  in  —yea  r  carp  wore  collect. ed  from,  this  tai  lwat.er  (Walburg 
”•  al.  ; oy ; ) . 

dOf.  Most  reeru i  t.mon‘  . >f  •asa<  to  t a. i  !  wat  ers  appears  to  come  from 
‘  :.<•  rer,r’-vdr  ah.  vo  . -r  the  rive”  down  stream.  Large  numbers  of  young- 
•o’-a!;.  ■  ar  earn — as  many  as  Sin,  000  iri  Ph  hours — were  found  in  the 

i  i  o.o.harge  at  Lewis  and  Clark  Lake,  but.  these  fish  did  not  stay  in  the 

•  a  i  i  water  (Waiburg  1971;  Via  I  burg.  <*t  al  .  1971).  Adult,  carp  were  the 


second  most  numerous  species  lost  over  the  spillway  at  Little  Grassy 
Lake,  Illinois,  amounting  to  iL  percent  of  the  total  fish  transported 
into  the  tailwater  (Louder  1958). 

296.  Food  habits  of  carp  in  tailwaters  were  examined  only  below 
Lewis  and  Clark  Lake.  Zooplankton,  algae,  and  bryozoans  were  all 
utilized.  Zooplankton  was  the  main  food  available  during  the  period 
when  carp  were  most  abundant,  from  early  spring  through  July  (Walburg 
et  al.  1971). 

297.  Carp  grow  well  in  most  warmwater  tailwaters.  The  average 
weight  of  carp  taken  by  anglers  in  Carlyle  tailwater,  Illinois,  was 
0.66  kg  in  1967  and  0.50  kg  in  1968  (Fritz  1969).  The  average  weight 
of  this  species  collected  in  Canton  Reservoir  stilling  basin,  Oklahoma, 
was  0.50  kg  (Moser  and  Hicks  1970).  Carp  collected  in  Lewis  and  Clark 
tailwater  averaged  8  percent  larger  than  those  from  the  reservoir 
(Walburg  et  al.  1971). 

Chubs 

29b.  Habx tat .  Most  species  of  chubs  inhabit  clear  streams  having 
permanent  flow  and  a  predominance  of  clean  gravel  or  rubble  bottoms. 
Adults  are  usually  found  near  riffles  or  in  pools  but  not  in  the 
swifter  current.  The  young  are  usually  found  in  quiet-water  areas  and 
most  often  in  association  with  higher  aquatic  plants. 

299.  Reproduction.  The  following  description  of  spawning  by  the 
hornyhead  chub  (Scott  and  Crossman  1973)  is  believed  typical  for  stream 
chubs.  Spawning  takes  place  in  the  spring  of  the  year,  probably  when 
water  temperatures  reach  about  2L°C.  Nests  of  stones  and  pebbles  are 
built  by  the  males  on  a  fine-gravel  or  pebble  bottom,  often  below  a 
riffle,  and  in  relatively  shallow  water  that  covers  the  top  of  a  com¬ 
pleted  nest  to  a  depth  of  1S.2-1»5.7  cm.  Nest  building  is  usually 
begun  after  May  15.  As  construction  progresses,  females  may  approach 
the  nest,  and  be  enticed  to  it  tr  driven  over  it  by  the  male.  Spawning 
takes  place  in  a  few  seconds  and  the  female  moves  quickly  downstream. 
The  released  eggs  settle  among  the  stones  and  the  male  continues  to 
add  more  stones  to  the  nest,  thus  ensuring  additional  protection  for 
the  eggs,.  The  nest-building  male  carries  stones  in  his  mouth  or  rolls 
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and  pushes  then  with  lips  and  snout.  The  total  egg  complement  is  not 
deposited  in  one  nest  at  one  time,  since  at  each  spawning  a  female 
deposits  only  ripe  eggs.  As  many  as  10  females  may  spawn  in  one  nest. 
The  nest  mound  increases  in  size  as  more  stones  are  added  by  the  male 
after  successive  spawnings.  The  sizes  of  nests  are  irregular  and  vary 
from  30.5  cm  to  91  Jt  cm  wide,  from  6].0  cm  to  91. ^  cm  long  (with  the 
current),  and  from  5.1  to  15.?  cm  deep.  The  nesting  sites  may  be  used 
as  spawning  grounds  by  other  species  of  minnows,  even  while  the  chub  is 
still  using  the  nest. 

300.  Food .  Young  chubs  feed  on  cladoce^ans ,  copepods,  and 
chironomids.  Adults  eat  mainly  immature  and  adult  aquatic  insects, 
terrestrial  inserts,  crustaceans,  and  plant  material.  Crayfish,  worms, 
and  mollusks  are  also  consumed  by  some  species. 

301.  Age  and  growth.  The  ultimate  size  attained  by  chubs  varies 
with  the  genus.  Total  lengths  of  adults  are  generally  65  to  75  mm  in 
some  genera  and  100  to  ?00  mm  in  others.  Maximum  length  ranges  from 
90  mm  for  some  genera  to  ?60  mm  for  others.  Males  grow  more  rapidly 
than  females  and  reach  a  larger  maximum  size. 

Chubs  in  tailwaters 

30?.  The  common  name  "chub”  is  used  for  fish  of  several  genera. 
This  discussion  is  limited  to  chubs  from  the  genera  Hybopsis,  Gila, 
Mylocheilus ,  Nocomi s,  and  gemot il us ■ 

303.  The  various  chubs  respond  differently  in  tailwater  environ¬ 
ments  and  their  presence  or  absence  depends  primarily  on  the  charac¬ 
teristics  of  the  particular  tailwater.  In  Tennessee,  the  river  chub 
( Ilocomi s  micropogon)  is  abundant  in  the  coldwater  Apalachia  and 
Chilhowee  tailwaters,  where  it  is  used  as  forage  by  other  fish  species 
( Pfitzer  196?;  Hill  1978).  This  chub  has  disappeared  from  the  Grand 
River  below  Shand  Dam,  Ontario,  but  it  remains  common  in  the  river 
above  the  reservoir.  Delay  of  the  spawning  season  because  of  a  7°C 
dec! ine  in  maximum  temperature,  from  28°C  above  the  reservoir  to  21°C 
in  the  tailwater,  is  cited  as  the  reason  for  the  river  chub's  dis¬ 
appearance  (Opence  and  Hynes  1971b).  The  river  chub  has  also  dis¬ 
appeared  from  the  warmwater  tailwaters  below  four  hydropower 
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impoundments  on  the  Au  Pablo  River,  Michigan  (Richards  1976),  but  the 
reason  for  this  disappearance  is  unknown. 

30*1.  The  roundtaii  chub  ( Gi  la  robusta)  is  found  beiow  Blue  Mesa 
Dam,  Colorado,  and  has  apparently  suffered  no  ill  effects  from  the 
reduced  temperature  and  turbidity  in  this  tailwater  (Mullan  et  al .  1976; 
Wiltzius  1978).  However,  this  species  of  chub  appears  to  be  disappear¬ 
ing  from  a  tailwater  in  New  Mexico  (Mullan  et  al .  1976).  In  a  tailwater 
in  Utah  and  Wyoming,  the  roundtaii  chub  did  not  reproduce  in  two  of 
three  years,  following  impoundment,  presumably  because  of  the  reduction 
of  summer  water  temperature  from  8.3  to  ,8°C  that  resulted  from  in¬ 
creased  summer  hypo  Limnetic  discharges  in  I96U  and  1 966 .  The  growth 
rate  of  this  species  has  also  declined  since  impoundment.  ( Vanicek  and 
Kramer  1969).  The  similar  bonytai !  chub  (Gila  elegans),  once  eon- 
s i acred  a  subspecies  of  the  roundtaii  chub,  has  disappeared  *>■  -m  a 
■dd  ’ ai 1  water  in  Wyoming  because  witty  temperatures  and  turbidities 
suitable  for  this  species  n<  Jonger  occur  (Mullan  et  al .  1970 • 

-0r).  The  humpback  chub  (Oi  la  cypha)  wa..  occasional  ly  found  in  an 
Arirona  fa :  ! water  in  i967,  but.  by  19'0  numbers  of  thin  species  in  this 
v  !  i  frii.lw.9er  h:s  :  further  declined,  most  likely  because  of  habitat, 
chances  resulting  from  dun  construction  and  operation  (Holden  and 
.9  a  linker  L'O';) . 

'-■fin.  "|.f  hornyhivi  1  chub  (is  com  is  bi  gut,  tat  us)  has  a  large  popula- 

1  at.  i  or.  in  the  cold  tail  water  beiow  Hoover  Dam,  Ohio,  where  temperatures 
range  from  1  to  ,M.7°C.  Overcrowding  in  the  tailwater  may  be  aiding 
■  Aiyinr  ft.  of  this  species  in  the  drainage,  where  it  was  rarely  found 
be  •■ore  i  mpuundmeni.  of  the  reservoir  ((lavender  and  Crunkilton  197*0. 

Spawn :  ng  delays  caused  by  *  lie  7°0  temporal  ire  reduction  below  Shand  Dam, 
Ont.ar io,  have  eliminated,  the  hornyhcud  chub  from  this  tailwater.  This 
species  is  >ne  f  the  more  common  cypritiidr  above  the  reservoir  (Spence 
and  Hytier  197  1b). 

307.  The  creek  chub  (Demoti  iur  Ml.mmaculatus)  has  thrived  in  cold 
tailwaterr..  It  i  r,  common  in  Hoover  tailwater,  Ohio  ( (lavender  and 
frunkilt.on  197*'),  and  it,  the  t.ai  Iwat.er  below  Granby  Dam,  Colorado,  in 
spite  of  a  reduction  in  flows  to  only  11  percent  of  the  historical 
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1 1  ••••■.;.-  it.  t  •  i  I  Wiii  >•;■.  is  difficult,.  Temperature  changes  and  their 
effect::  o>,  ri -produc  t.  i  on ,  abiir'  wi  t  h  changes  in  turbidity,  appear  to  be 
most  inij  orion;  j ,,  determining  the  presence  or  absence  of  chubs. 

True  minnows 

HP.  Hnbi tat .  The  t.rue  minnows  ore  a  di vorr.e  group  with  a  variety 
Many  prefer  lakes,  ponds. 


of  habitat,  preference 


or  backwaters  of 


s low-moving  streams  with  dense  vegetation.  Few  species  are  found  in 
reservoir  tailwaters .  They  are  tolerant  of  turbidity  as  long  as  there 
is  enough  current  to  keep  riffle  areas  free  of  silt.  Many  occur  in 
schools  near  the  river  bottom,  but  they  avoid  strong  current. 

333.  Reproduction .  Most  minnows  spawn  between  April  and  July. 
Some  randomly  spawn  in  shallow  areas  above  gravelly  or  sandy  riffles 
and  others  over  silt  bottoms;  still  others  prepare  nests  in  sand  or 
gravel  areas  which  are  guarded  by  the  male.  The  following  tlescription 
for  the  blunt.nose  minnow  ( Pimephales  notatus)  taken  from  Pflieger 
(1975)  is  fairly  typical  for  nest-building  minnows. 

31  It .  The  bluntnose  minnow  has  a  long  spawning  season,  extending 
in  Missouri  from  early  May,  when  water  temperatures  arc'  at  least  20°C, 
to  about  mid-August.  The  peak  of  spawning  is  in  late  May  and  June. 

The  eggs  are  deposited  on  almost  any  object  (flat  stories,  boards,  logs) 
that  has  n  flat  undersurface  and  lies  on  the  hot t om  at  depths  of  15  to 
90  cm.  Usually  sand  or  gravel ,  rather-  '  bar.  a  mil  bottom,  is  selected 
for  a  nest  site.  Nest  o  -ns true lion  consists  of  excavating  a  small 
cavity  beneath  the  object,  selected  and  cleaning  t > :•  undersurfaces  where 

the  eggs  will  bo  deposited.  in  excavating  . . .  v  '  t  y ,  si  1 1  ,  fine  sand, 

and  pebbles  arc'  swept,  away  by  violent  motions  of  « Jail  fin,  and 
larger  objects  are  pushed  eat  with  the  ‘  uborou  1  a  •  ■>  on  lit.  Tile  roof  of 
the  cavity  is  waned  by  the  male  with  his  m.out  h  and  the  spongy  pad  on 
his  back .  Only  a  single  male  occupies  a  nos*  ,  but  several  males  often 
nest  in  proximity  beneath  a  single  object..  Several  females  may  spawn 
in  a  single  nest,  which  may  ultimately  contain  more  than  5000  eggs. 

Kggs  hatch  in  6  to  1 1  days,  depending  on  water  temperature,  and  newly 
hatched  young  are  about  5  mm  long.  The  male  remains  on  the  nest 
throughout,  tire  incubation  period,  driving  away  all  other  fish  except 
females  ready  to  spawn. 

315.  Food .  Tire  food  of  the  minnows  is  generalized  and  includes 
both  plants  and  animals;  aquatic  insects,  small  crustaceans,  and  algae 
predominate. 

31b.  Age  and  growth.  Lengths  of  adult,  minnows  generally  range 
between  50 and  75  mm,  and  maximum  lengths  between  75  and  100  mm.  Most 


average  about  50  mm  long  at  end  of  first  year  of  life  and  75  mm  at  the 
end  of  the  second.  Few  live  longer  than  3  years.  Most  are  sexually 
mature  in  their  second  summer. 

317-  Males  grow  more  rapidly  and  to  a  larger  size  than  females 
for  minnow  species  in  which  males  guard  the  nest.  Females  are  usually 
larger  in  species  that  do  not  guard  the  nest. 

True  minnows  in  tailwaters 

318.  Seven  genera  of  Cyprinidae  are  commonly  termed  "minnows" 
(Bailey  et  al.  1970).  Two  genera  ( Pimephales  and  Phenacobius )  that 
reportedly  occur  in  tailwaters  are  discussed  in  this  section. 

319.  The  fathead  minnow  ( Pimephal es  promelas )  has  a  wide  tempera¬ 
ture  tolerance  which  makes  it  well-suited  to  the  tailwater  environment. 
It  has  increased  in  numbers  in  both  the  Navajo  tailwater.  New  Mexico, 
and  the  Fontenelle  tailwater,  Wyoming  ( Mu] lan  et  al .  1976).  The  fathead 
minnow  is  one  of  the  remaining  native  species  in  cold  Granby  Dam 
tailwater,  Colorado,  where  flows  are  only  11  percent  of  the  historical 
average  (Weber  1959).  The  fathead  minnow  is  the  third  most  abundant 
species  in  the  warm  tailwater  below  Lake  Carl  Blackwell,  Oklahoma,  and 
spawning  activity  was  indicated  in  mid-April  when  water  temperatures 
reached  17°C  (Cross  1950).  The  fathead  minnow  also  occurs  in  Hoover 
tailwater,  Ohio.  It  apparently  passed  over  the  dam  from  the  reservoir 
above  where  it  had  been  introduced  as  a  bait  fish  (Cavender  and 

Crunk ilton  197*0.  This  species  was  also  introduced  into  Dale  Hollow 
tailwater,  Tennessee,  probably  through  its  use  as  a  bait  fish  (Bauer 
1976). 

370.  The  success  of  the  bluntnose  minnow  (Pimephales  notatus )  in 
cold  tailwaters  is  varied.  It  is  found  in  the  cold  Barren  Reservoir 
tailwater,  Kentucky  (J.  P.  Carter  1968a)  and  is  common  in  the  drainage 
of  Big  Walnut  Creek,  Ohio,  including  Hoover  Dam  tailwater  (Cavender 
and  Crunk ilton  197*0-  The  bluntnose  minnow  has  disappeared  from  the 
Grand  River  below  Gliand  Dam,  Ontario,  presumably  because  of  lack  of 
spawning  caused  by  temperature  reductions,  since  the  species  is  com¬ 
monly  found  in  the  drainage  above  the  reservoir  (Spence  and  Hynes 


The  bullhead  minnow  ( Eiroephal  ,  ■a  v  j  g  i  In  a  )  was  present  jn  the 
col  v  I  tuilwaters  below  Canyon  Pan ,  Texas,  it,  197',,  but.  was  not  collected 
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although  it  ’W'lild  appear  that,  cold  water  temperatures  were  responsible. 
Minnows  were  numerous  in  *  he  warm  tai 1 water  below  Elephant  Butte 
Dam,  iiew  Mexico,  where  they  made  up  ‘>'(  percent,  of  samples  collected  in 
!  99b  in  seines,  and  by  eloetrochoeki ng  (Huntington  and  Navarre  1997). 
fhinei’s 

V’i.  liabi  Put .  Shiners  (Hotropis)  are  the  most  abundant  species 
within  the  Cyprinidae.  They  are  a  diverse  group  and  *  he  various 
species  have  a  wide  variety  of  habitat  preferences.  Many  are  found 
only  in  lakes,,  ponds,  or  backwaters,  with  litt  le  current,  and  others 
largely  in  small  headwater  streams.  Relatively  few  shiner  species  are 
found  in  tfi?] waters.  fShiners  in  tailwaters  prefer  moderate  to  large- 
si /.ed  streams  with  relatively  clear  water  throughout  most  of  year. 
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from  fcott  at,!  Cy>. -srinan  (197'.)  i  s  /Tenoral  !y  appl  i cable  to  most  shiners. 
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*  -"V ,  usual  Lv  in  May  or  June,  Spawning  may  occur  over  gravel  beds 
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suggest,  that  few  eggs,  probably  not  more  than  r<0,  arc  released  at  each 
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■If".  A  go  and  I'mwf  !i.  Avertv'c  I  ength  of  adult  shiners  is  variable 
by  nsecies.  Adults,  of  some  species  ranee  bet. ween  Lr*  and  (>5  mm  long  and 
reach  a  maximum  length  of  70  mm;  adults  of  other  species  range  between 
'J'i  .and  L9r)  ttir  long  and  reach  a  maximum  length  of"  179  mm.  Males  are 
t  he  larger  in  some  sneeies,  and  female:-,  in  others.  Most  shiners  mat.ure 
in  their  second  or  third  summer;  few  live  beyond  age  ITT. 
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Shiners  in  tailwaters 


3?9.  The  shiners  are  a  varied  taxonomic  group  with  many  species. 
The  majority  discussed  in  this  section  are  members  of  the  genus 
Mot.ropis ;  however,  two  shiners  from  the  genera  Notemigonus  and 
Richardsonius  are  also  included. 

330.  The  rosyface  shiner  ( Notropi r,  rubellus )  appears  to  thrive  in 
cold  tailwaters.  It  is  abundant  in  Bull  Shoals  tailwater,  Arkansas 
(Brown  et  al .  1968;  Hoffman  and  Ki Iambi  1970),  and  is  favored  in  the 
tailwater  environment  below  Hoover  Reservoir,  Ohio,  by  both  the  reduced 
temperature  and  t  lie  abundance  of  well-developed  riffles  (Cavender  and 
Crunk il ton  197t).  This  species,  together  with  the  blackchin  shiner 
( Hotropi s  heterodon)  and  redfin  shiner  (Notropis  umbratilis),  has  dis¬ 
appeared  in  1 h>  warm  tailwaters  below  four  hydropower  facilities  on 
the  Au  Sable  River,  Michigan  (Richards  1976). 

S  I  .  The  mimic  shiner  (Hotropis  volucellus)  has  become  a  common 
species  below  the  sane  four  hydropower  impoundments  on  the  Au  Sable 
River  (Richards  1976).  This  shiner  has  disappeared  from  the  cold 
r'uny  >n  Dam  tailwater  in  Texas,  although  it  is  common  in  the  river  above 
the  reservoir  (Edwards  1978). 

The  red  side  shiner  (Ricbard.mni  us  balteatus)  does  well  in 
both  warm  and  cold  tailwaters.  It  thrives  in  water  temperatures  up  to 
.'o.7°0,  which  occur  in  tailwaters  below  dams  on  the  Row  River,  Long  Tom 
River,  and  Coast  Fork  Willamette  River  in  Oregon  (Hutchison  et  al . 

Ilt’li).  It  is  abundant  in  the  cold  tailwaters  below  Owyhee  Reservoir 
•in  1  Antelope  Reservoir,  Oregon  (Fortune  and  Thompson  1969) •  It  also 
appears  t.o  be  maintaining  its  abundance  in  the  cold  Pontenelle 
tailwater,  Wyoming  (Mullan  et  al .  1976). 

138.  The  red  shiner  ( Notropis  iut.rensls)  is  found  in  both  warm 
and  cold  tailwaters.  It  is  the  most  abundant  species  in  Lake  Carl 
Blackwell  tailwater,  Oklahoma  (Crocs  19'30).  Below  Canyon  Dam,  Texas, 

I"  Lr.  the  third  most  abundant  species.  Edwards  (1978)  believes  that 
r.trd) i  !  i  .'.at  i ■  ui  of  wafer  flows  below  this  dam  has  increased  red  shiner 
•ibundaac'  ■ . 
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33**.  The  golden  shiner  (Notemigonus  crysoleucas )  and  the  spottail 
shiner  (Notropis  hudsonlus )  are  numerous  in  warm  Holyoke  Dam  tailwater, 
Massachusetts  (Jefferies  197**).  In  cold  tailwaters,  the  golden  shiner 
is  found  primarily  due  to  its  introduction  as  a  bait  fish.  It  is  found 
in  Dale  Hollow  tailwater,  Tennessee,  and  appears  to  have  moved  from  the 
reservoirs  into  both  Hoover  tailwater,  Ohio,  and  Canyon  Dam  tailwater, 
Texas  (Cavender  and  Crunkilton  197**;  Bauer  1976;  Edwards  1978). 

335.  Large  numbers  of  young  emerald  shiners  ( Notropi s 
atherinoi des ) — up  to  800,000  in  2*+  hours — were  lost  in  the  discharge 
from  Lewis  and  Clark  Lake,  South  Dakota  (Walburg  1971).  In  the 
tailwater,  this  species  is  widely  used  as  forage  by  game  fish  (Walburg 
et  al .  1971).  This  species  composed  l6  percent  of  the  fish  taken  in 
Buckhorn  tailwater  and  was  also  taken  from  Barren  Reservoir  tailwater, 
Kentucky,  in  an  electrofishing  survey  (Henley  1967;  J.  P.  Carter  1968a). 

336.  The  success  of  the  spot  fin  shiner  (ilotropis  spilopterus)  in 
cold  tailwaters  is  varied.  It  occjjrs  commonly  in  both  Hoover  tailwater, 
Ohio,  and  Barren  Reservoir  tailwater,  Kentucky  (J.  P.  Carter  1968a; 
Cavender  and  Crunkilton  197**).  This  shiner  has  disappeared  below  Shand 
Dam  in  Ontario  due  to  a  delay  in  spawning  caused  by  cold  water  temper¬ 
atures  (Spence  and  Hynes  1971b). 

337.  A  large  number  of  other  shiner  species  occur  in  cold 
tailwaters.  The  duskystripe  shiner  (Notropis  pilsbryi)  is  the  most 
abundant,  cyprinid  in  Norfork  tailwater,  Arkansas.  This  species,  along 
with  *  he  Mgeye  shiner  (Not.ropis  boops)  and  the  whitetail  shiner 

( il  c .  t  r  n  1 1  j  s,  gal  no  turn  s ) ,  is  abundant  in  Bull  Shoals  tailwater,  Arkansas 
(Brown  et  al.  1968;  Hoffman  and  Kilambi  1970).  In  Hoover  tailwater, 
Ohio,  the  striped  shiner  (Notropis  chrysocephalus )  is  abundant,  while 
a  species  not  found  upstream,  the  sand  shiner  (Notropis  stramineus), 
is  common.  Two  other  species,  the  rosefin  shiner  (Notropis  ardens ) 
and  the  silver  shiner  ( Notropi s  photogenis) ,  are  rare  in  Hoover 
tailwater,  although  they  are  common  in  the  headwater  streams  above 
the  reservoir  (Cavender  and  Crunkilton  197**).  The  silver  shiner  was 
also  found  in  eleetroshoeking  samples  in  Barren  Reservoir  tailwater, 
and  the  common  shiner  ( Notropi s  corn ut us )  was  taken  from  both  Barren 
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third  summer.  Males  grow  more  rapidly  than  females  and  attain  a  much 
larger  size. 

Stonerollers  in  tailwaters 

3*1?.  The  ntoneroller  is  reported  in  a  number  of  cold  tailwaters. 
It,  was  the  most  abundant,  species  collected  in  Beaver  tailwater, 
Arkansas.  It  is  also  commonly  found  in  the  tailwaters  of  Bull  Shoals 
Reservoir-  and  Norfork  Reservoir  in  Arkansas  (Brown  et  al.  1968;  Bacon 
et  al .  1969;  Hoffman  and  Kilambi.  1970).  The  stoneroller  is  abundant  in 
Apalaehia  tailwater,  Tennessee  (Hill  1978),  and  is  also  found  in  other 
tailwaters  of  the  Tennessee  Valley  system,  where  it  is  used  as  forage 
by  game  fish  (Pfitzer  1962).  Stonerollers  were  '"'.so  taken  in  electro¬ 
fishing  samples  from  Nolin  tailwater,  Kentucky  (J.  P.  Carter  1968a). 

The  shallow  gravel-bedrock  substrate  and  lh.it  to  21.7°C  temperatures 
have  favored  the  stoneroller  in  Hoover  tailwater,  Ohio.  Large  numbers 
of  stonerollers  spawn  in  the  shallow  riffles  below  the  dam  and  both 
adults  and  young  are  found  in  this  tailwater  throughout  the  year 
(Oavender  and  Crunkilton  197*0. 

Daces  in  tailwaters 

3h3.  Members  of  seven  genera  of  cyprinids  are  referred  to  by  the 
common  name  "dace."  Only  two  genera,  Phoxinus  and  Rhinichthys ,  com¬ 
prising  four  species,  have  been  reported  in  tailwaters. 

3hh .  The  speckled  dace  (Rhinichthys  osculus)  appears  to  do  well 
in  some  western  coldwater  tailwaters.  It,  is  abundant  below  Owyhee  Dam 
and  Antelope  Reservoir,  Oregon  (Fortune  and  Thompson  1969).  This 
speei es  lias  survived  below  Rlu<*  Mesa  Dam,  Colorado,  and  has  increased 
in  Fonteno.lle  tailwater,  Wyoming  (Kinnear  1967;  Mu]  lan  et  al .  1976). 

Tile  longnose  dare  (Rhinichthys  eataractae)  has  survived  in 
some  cold  tailwaters.  It  is  commonly  found  below  Owyhee  Dam  and  has 
survived  below  Granby  Dam,  Colorado  (Weber  1939;  Fortune  and  Thompson 
1989) .  It  has  disappeared  f rom  the  warm  tailwaters  below  four  small 
hydropower  damn  on  Michigan's  Au  .Gable  River  (Richards  1976). 

3U6.  Two  other  species  of  dace  have  been  reported  from  cold 
tailwaters.  The  southern  redbelly  dace  (Phoxinus  eryt.hrogaster )  occurs 
in  pools  be  Low  Norfork  Dam,  Arkansas  (Brown  et  al .  1968),  and  the 


blaeknose  dace  ( Rhini chthys  atratulus )  in  the  headwater  streams  of  Big 
Walnut  Creek,  Ohio,  and  occasionally  downstream  in  the  Hoover  Dam 
tailwater  (Cavender  and  Crunkilton  IOTM* 

Gquawf  i  s'nes  and  chi  selmouths  in  tailwaters 

ill',7.  E’quawfi sties  and  chiselmouths  are  found  only  in  western  North 
America.  The  northern  squawfish  thrives  in  the  warm  (up  to  ?6. 7°C) 
tailwaters  below  Cottage  Grove  Reservoir,  Dorena  Reservoir,  and  Fern 
Ridge  Reservoir,  Oregon  (Hutchison  et  al .  1966) .  This  species  also 
appears  to  do  well  in  most  cold  tailwaters.  Tt,  together  with  the 
chiselraouth,  is  abundant  below  both  Owyhee  Dam  and  Antelope  Reservoir 
in  Oregon  (Fortune  and  Thompson  19<>9).  Betti  the  northern  squawfish 
and  the  ohiselnouth  are  common !,v  creeled  in  a  series  of  tai  lwm  ors  on 
the  Snake  River,  Idaho,  inducing  Upper  .'a  .men  Fa  i  I  s ,  hewer  Salmon 
Falls,  Bliss,,  and  C.  J.  Strike  (Trying  ana  Cad.  in  IP1'*.) .  decrease  in 
temperature  and  a  resul  tan*.  i>-  to  '"-week  delay  in  s:  awning  is  believed 
rose,  insible  Per  a  redact  i  n  in  n,  p*  hern  squawfish  numbers  in  a  Montana 
tailwater  (May  an  i  Hus',  a  lo.'o), 

.vd.  The  Col  .ora  jo  siuawfim  appears  -  have  K-t.  afi’e-'c;  more 
than  ih<'  northern  s.qunwfis.h  by  nan.  tint,  met  i  ''i, .  Tine  Sslornds-  g  naawfish 
has  disappeared  from  a  rd  :  ;  ai  1 wafer  in  Wyoming  (Mul Inn  d  a'.  .  1976) 
and  it  is  no  1  -nger  f  and  in  a  !  0'  -km  r.t.re4  oh  f  !  he  Tree:.  River  in 
Utah  and  Colorado  (Vanicek  et  ad.  1970).  Temperature  reductions  and 
al  *  erat.  ions,  it.  normal  fi  ws  r.ay  have  eliminated  1*  .  Tt  still  survives 
further  downs'  rerun,  but  'in-  altera*  i--}.  seasonal  terns  rvauiro  pat. tents, 
since  impou:.  .imenl  has  r>'  iueed  i‘s  grow: h  rate  (van'cek  and  Kr’imer 
I960).  Spawning  mirra'i  i.s  of  ’  1  'ra-io  squawfish  in  the  Gunnison  River 
in  Colorado  have  h< ••  ■<:  :i srurt  ed  by  lowered  t  emperatures  and  reduced 
spring  and  summer  t'H'ws  (Wll+nius  !(>7'). 

CvT.rinids  in  Hues.;  an  tailwaters. 

_  y  ■«  —  -  - — .  ■  —  ■  — .  - ... _ 

vkO.  Dam  cne-'  ruction  and  •operation  in  the  Soviet  Union  have 
a  f  footed  many  species  of  cyprirtid:  .  Historically,  the  bream  was  the 
:  re  d  am  i  tirin',  s.iecies  f  eyi  rinid  in  the  Volga  River  in  the  vicinity  of 
the  Kuibyshev  Reservoi  r  hydropower  dam  ( Di  ur.hikov  1961).  Shortly  after 
dan;  closure,  *  he  bream,  t.egether  wit!;  the  bleak,  white  bream,  and  roach 


(all  cyprinids),  were  still  numerous  in  the  tailwater.  However,  un¬ 
favorable  reproductive  conditions  in  the  tailwater  caused  by  water 
temperature  reductions,  large  diurnal  water-level  fluctuations,  and  a 
severe  dec] ine  in  spring  flood  flows,  soon  resulted  in  a  decrease  in 
abundance  of  all  cyprinids  (Sharonov  1963;  Chikova  1968).  Ide  eggs, 
laid  in  the  shallows,  were  lost  through  desiccation  due  to  fluctuation 
in  reservoir  releases.  Reduced  temperatures  in  the  tailwater  delayed 
the  spawning  of  bream,  white  bream,  and  zope .  Between  2*4  and  50  percent 
of  the  females  of  these  three  species  were  found  to  be  resorbing  eggs 
in  1963  and  196^  (Eliseev  and  Chikova  1968). 

350.  Decreased  spring  flood  flows  below  the  Volgograd  hydroelec¬ 
tric  facility  have  disrupted  spawning  conditions  hundreds  of  kilometres 
downstream  in  the  Volga  Delta  on  the  Caspian  Sea.  Spring  spawning 
bream  and  carp  have  declined  in  abundance.  However,  the  stabilization 
of  flows  throughout  the  year  below  this  dam  have  improved  the  repro¬ 
ductive  success  of  the  summer  spawning  white  bream  (Orlova  and  Popova 
1976). 

351.  A  reduction  in  mean  water  temperature  of  )*  to  5°C  has 
affected  many  cyprinid  species  in  the  tailwater  below  Mingeshaur 
Hydroelectric  Dam  on  the  Kura  River.  Combined  fyke  net  catches  of 
gudgeon,  bleak,  podust ,  khramulya,  and  barbel  (all  cyprinids)  have 
declined  from  73  percent  before  impoundment  to  only  l»0  percent  after 
impoundment.  In  fact,  the  barbel  and  the  bystr.vanka,  have  completely 
disappeared.  Thirty  percent  of  the  catch  is  now  composed  of  vobla, 
bream,  and  carp  which  have  moved  downstream  into  the  tailwater  from 
the  reservoir  above.  The  altered  temperature  ?'egime  has  also  shifted 
the  spawning  activity  of  the  shemia.  from  early  summer  to  autumn.  This 
shift  in  activity  has  not  affected  spawning  success,  however;  large 
numbers  of  shemia  larvae  end  fry  are  still  found  in  the  tailwater 
(Abdurakhmanov  1958). 

352.  Reproduction  of  some  cyprinid  species  has  been  disrupted  by 
the  large  flow  fluctuations  occurring  below  Narvskaya  Hydroelectric  Dam 
on  the  Narova  River.  The  spawning  areas  of  the  vimba  have  been  severely 
altered  because  of  flow  fluctuations,  while  the  fry  and  eggs  of  the 
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golden  shiner  (European)  have  been  destroyed  through  the  dewatering  of 
large  sections  of  river  bottom.  Consequently,  the  numbers  of  both 
species  have  declined  (Barannikova  1962). 


Catostomidae  (Suckers) 


353.  The  sucker  family  is  largely  restricted  to  North  America. 
Suckers  are  one  of  the  dominant  groups  of  large  fishes  in  fresh  water, 
and  in  streams  their  total  weight  often  exceeds  that  of  all  other  fishes 
combined.  In  number  of  species  and  individuals,  they  rank  second  only 
to  the  Cyprinidae.  Each  group  of  suckers  has  specific  habitat  prefer¬ 
ences,  and  most  are  bottom  dwellers  with  similar  but  not  identical 
diets.  All  feed  to  some  extent  on  larval  and  adult  aquatic  insects, 
small  mollusks,  small  crustaceans,  worms,  and  algae.  All  suckers  spawn 
in  spring  and  none  build  a  nest;  eggs  are  scattered  in  suitable  habitat 
and  abandoned.  Preferred  habitat  of  the  various  species  ranges  from 
high,  cold  mountain  lakes  and  swift  mountain  streams  to  warm,  quiet 
ponds  and  lakes. 

35*'.  Most  suckers  are  captured  during  spring  spawning  runs  by  use 
of  gigs  and  snags;  few  are  captured  by  hook  and  line.  Large  numbers  of 
some  species  are  taken  by  commercial  fishermen.  The  flesh  of  suckers 
has  good  flavor,  but  numerous  small  bones  detract  from  its  value  as 
food.  Small  suckers  are  an  important  source  of  forage  for  game  fishes. 

355.  Those  eatostomids  that  commonly  occur  in  tailwaters  will  be 
discussed  under  three  groups — buffaloes,  suckers,  and  redhorse. 

Buffaloes 

356.  Habitat .  The  three  buffalr  species,  bigmouth,  smallmouth, 
and  black,  have  similar  habitat  requirements.  They  occur  primarily  in 
the  deeper  pools  of  large  streams,  natural  lowland  lakes,  and  man-made 
impoundments.  Buffaloes  sometimes  enter  small  streams  to  spawn,  and 
the  young  may  remain  here  during  their  first  summer  of  life.  Their 
distributional  relation  suggests  that  the  bigmouth  buffalo  is  more 
tolerant  of  high  turbidity  than  the  other  two,  and  that  the  black 
buffalo  occurs  most  often  in  strong  currents. 
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357.  Reproduction.  The  spawning  habits  of  buffaloes  are  not  well 
known.  Buffaloes  have  been  observed  spawning  in  shallow-water  areas 

of  rivers  and  reservoirs  with  a  water  temperature  range  of  15-6  to 
l8.3°C,  between  April  and  June.  The  adhesive  eggs  are  broadcast  into 
the  water,  where  they  settle  and  adhere  to  the  substrate — e.g.,  rocks 
and  flooded  vegetation.  Spawning  occurs  in  water  so  shallow  that  the 
backs  of  fish  are  often  exposed.  The  eggs  hatch  in  9  to  ]0  days  at  a 
water  temperature  of  about  ib.7°C. 

358.  Food.  Studies  by  MeComish  (1967)  and  others  revealed  that 
all  ages  of  bigmouth  buffalo  feed  principally  on  zooplankton.  The 
large,  terminal  mouth  and  numerous  slender  gill  rakers  are  efficient 
devices  for  straining  zooplankton  from  the  water. 

3B9.  Zooplankton  and  attached  algae  were  the  principal  foods 
found  in  smallmouth  buffalo  stomachs  (MeComish  1967).  This  species  is 
primarily  a  bottom  feeder,  as  indicate  1  by  the  high  frequency  of  insect 
larvae,  attached  algae,  and  associated  detritus  and  sand  in  the  stom¬ 
achs.  The  diet,  of  the  black  buffalo  is  assumed  to  be  similar  to  that 
of  the  smallmouth  buffalo. 

360.  Age  and  growth .  The  bigmouth  is  the  largest  buffalo  species. 
Adults  are  commonly  380  to  690  mm  long  and  weigh  0.9  to  6.3  kg. 

Wei  gilts  of  13.6  kg  are  not  uncommon.  Smallmouth  and  black  buffaloes 
are  somewhat  smaller  than  the  bigmouth. 

101.  Buffaloes  are  long-lived,  many  living  more  than  10  years. 
Females  grow  larger  than  males.  According  to  Schoffman  ( 1 9^4 3 )  the 
average  lengths  and  weights  reached  by  the  bigmouth  buffalo  in  Reelfoot 
Lake,  Tennessee,  through  the  first  eight  summers  of  life  were  as 
fol lows : 
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Age  in  summers  Length,  min  Weight,  kg 
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362.  Growth  in  weight  increases  progressively  during  the  first 
eight  summers,  indicating  that  fish  in  their  eighth  summer  are  still  in 
a  fast-growing  period  of  life. 

Buffaloes  in  taiiwaters 

363.  Buffaloes  inhabit  primarily  lakes  or  large  rivers  and  gen¬ 
erally  are  not  important  in  taiiwaters.  In  most  instances  where 
buffaloes  are  found  in  taiiwaters,  they  have  migrated  into  the  area 
from  the  downstream  reservoir  or  river. 

36)i  .  Smallmouth  and  bigmouth  buffaloes  are  common  summer  inhabi¬ 
tants  of  Lewis  and  Clark  Lake  taiiwaters  in  South  Dakota  and  Nebraska. 
Fish  collected  in  June  had  already  spawned,  and  it  was  assumed  that 
their  presence  in  the  tail water  was  related  to  feeding  activity 
(Walburg  et  al.  1971).  The  increase  of  smal lmouth  buffaloes  in  Dale 
Hollow  tailwater,  Tennessee,  was  attributed  to  thei r  migration  upstream 
from  Cordell  Hull  Reservoir  (Bauer  1976).  Buffaloes  are  important  in 
the  smaller  Rough  River  tailwater  in  Kentucky  where  they  made  up  9-3 
percent  of  the  fish  catch  by  weight.  (Henley  1967).  This  tailwater 
differs,  from  most  because  it.  is  essentially  a  long  pool  created  by  a 
mill  dan  9-7  km  downstream.  These  pondlike  conditions  closely  dupli¬ 
cate  the  preferred  lentic  habit. at  of  the  buffaloes. 

36';.  The  shallow,  fast,  water  in  most  taiiwaters,  coupled  with  a 
lack  of  recruitment,  severely  curtails  or  eliminates  buffalo  popula¬ 
tions  in  mo;;*  t.ai  1  water:; .  Black  buffaloes  were  important  in  an 
Oklahoma  tailwater  shortly  .after  impoundment  but  were  unable  to  sustain 


themselves.  This  was  reflected  by  the  rapid  decline  from  15  to  6  per¬ 
cent  of  total  catch  within  ,?  years  (Hall  19^9;  Hall  and  Latta  1951). 

36 6.  The  food  of  buffaloes  in  tailwaters  has  not  been  studied 
extensively.  Walburg  et  al .  (l97l)  found  that  bigmouth  buffaloes  from 
Lewis  and  Clark  Lake  tailwater  fed  almost  exclusively  on  zooplankton  in 
the  reservoir  discharge,  and  smallmouth  buffaloes  fed  on  both  zooplank¬ 
ton  in  the  discharge  and  on  attached  algae  and  bryozoans  found  in  the 
tai lwater . 

Cue  ker  s 

3(7.  A  number  of  sucker  species  occur  in  tailwaters.  Most  com¬ 
monly  mentioned  in  the  literature  are  the  northern  hog  sucker,  spotted 
sucker,  river  earpsucker,  quillbaek  earpsueker,  white  sucker,  longnose 
sucker,  flannelmouth  sucker,  bluehead  sucker,  and  largescale  sucker. 

The  first  four  species  are  generally  eastern  or  midwestern  United 
States  in  distribution,  and  the  last  four  are  extreme  northern  or 
western.  The  white  sucker  is  more  widely  distributed,  except  in  the 
West  and  South.  Description  of  life  history  will  be  limited  to  the 
northern  hog  sucker,  spotted  sucker,  river  arid  quillbaek  carpsuckers, 
white  sucker,  longnose  sucker,  and  largescale  sucker.  Description  of 
tailwater  distribution  includes  all  nine  of  the  suckers  mentioned 
above  plus  several  other  less  common  species. 

368.  Habi  tat. .  The  northern  hog  sucker  is  an  inhabitant  of 
moderate-sized  streams  that  have  clean  gravel  or  rock  bottoms  and 
permanent  flow.  It  is  usually  found  on  the  stream  bottom  in  riffles 
or  in  pools  with  noticeable  current.  The  heavy  bony  head,  slender 
tapering,  body,  enlarged  pectoral  fins,  and  reduced  swim  bladder  permit 
it  to  maintain  a  position  in  swift  currents  with  little  effort.  The 
northern  hog  sucker  is  nearly  invisible  on  the  stream  bottom  because 
of  its  strongly  mottled  a  barred  coloration. 

ib9.  The  spotted  sucker  lives  in  lakes,  overflow  ponds,  sloughs, 
oxbows,  and  clean  sluggish  streams  with  sandy,  gravelly,  or  hard  clay 
bottoms  without  silt.  It  seems  intolerant  to  turbidity,  pollutants, 
and  clay-sill,  bottoms. 


370.  Carpsuckers  are  common  in  large  rivers,  where  they  prefer 
deep,  quiet  pools  and  backwaters  with  moderate  or  low  gradients.  The 
river  carpsucker  prefers  turbid  waters  with  soft  bottoms,  while  the 
closely  related  quillbaek  is  found  in  clearer  waters  with  firm  bottoms. 

371.  White  sucker  habitat  is  extremely  varied,  since  the  species 
occurs  in  both  lakes  and  streams  with  low  and  high  temperatures,  low 
and  high  turbidities,  and  fast  and  slow  currents.  The  white  sucker  has 
found  man-made  impoundments  suitable,  and  has  become  abundant  in  some. 
This  species  is  especially  characteristic  of  headwater  streams. 

372.  The  longnose  sucker  occurs  in  the  cold,  clear  water  of  both 
lakes  and  streams.  Its  occurrence  in  streams  is  usually  related  to 
spawning  activity. 

373.  Largescale  suckers  live  in  lakes  and  in  large  rivers.  They 
are  often  numerous  in  the  weedy  shoreward  areas  of  lakes,  in  backwaters, 
and  in  stream  mouths.  This  species  and  the  longnose  sucker  are  often 

f  und  together  in  the  same  general  habitat. 

'-"77.  Reproduction.  The  northern  hog  sucker  spawns  during  spring 
h'-ac  ‘he  heads,  of  gravelly  riffles  in  water  8  to  13  cm  deep,  when  water 
‘omp'-r-tl  ure  reaches  IS.6°C.  Each  female  is  attended  by  one  or  more 
males.  Th>-  demersal ,  nonadhesive  eggs  are  deposited  in  a  depression 
on  the  s.t  roam  bottom  and  abandoned. 

-'■T'o  The  spotted  sucker  spawns  on  riffles  above  large  pools  during 
the  spring  when  water  temperature  ranges  between  15  and  l8°C.  The  eggs 
hatch  in  7  to  IP  lays,  depending  on  temperature. 

37(n  Carpruckers  are  shallow-water ,  random  spawners .  They  spawn 
in  the  spring  when  water  temperatures  reach  about  21°C.  Eggs  are 
dispersed  into  the  water  column  where  they  eventually  settle  to  the 
stream  bottom  and  adhere  to  the  substrate. 

;’77.  White  suckers  spawn  in  the  early  spring.  Adults  usually 
migrate  from  lakes  into  gravelly  streams  when  stream  temperatures  reach 
1^°C,  but.  they  are  also  known  to  spawn  on  lake  margins,  or  quiet  areas 
in  th"  mouths  of  blocked  streams  and  in  tailwaters.  Spawning  sites  are 
usually  in  shallow  water  with  a  gravel  bottom,  but  they  may  also  spawn 
it.  rapids.  No  nest  is  built;  eggs  are  scattered  and  adhere  to  the 
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gravel  or  drift  downstream  and  adhere  to  substrate  in  quieter  areas. 

Eggs  hatch  in  about  2  weeks,  depending  on  temperature,  and  the  young 
remain  near  the  hatching  site  for  about  2  weeks  before  moving  to  quiet 
areas  along  the  stream  bank  or  in  a  downstream  lake.  At  this  time, 
they  are  12  to  IT  mm  long. 

378.  Longnose  suckers  spawn  in  the  early  spring  in  streams  where 
available,  but  otherwise  in  shallow  areas  of  lakes.  They  enter  spawn¬ 
ing  streams  as  soon  as  the  water  temperature  exceeds  5°C.  The  spawning 
run  for  this  species  reaches  a  peak  several  days  before  the  run  of 
white  suckers  into  the  same  stream.  Spawning  often  takes  place  in 
stream  water  15.2  to  27.9  cm  deep,  with  a  current  of  30  to  ^5  cm/sec, 
and  a  bottom  of  gravel  5  to  10  cm  in  diameter.  No  nest  is  built;  the 
adhesive,  demersal  eggs  are  laid  in  small  numbers  and  adhere  to  the 
gravel  and  substrate.  Hatching  and  emergence  of  fry  is  similar  to  that 
reported  for  the  white  sucker. 

379-  Largeseal e  sucker;;  spawn  in  spring,  usually  in  deeper  sandy 
areas  >f  streams  where  current  is  strong,  but  sometimes  on  gravelly  or 
sandy  shoals  in  lakes.  They  enter  spawning  streams  when  water  temper¬ 
ature  is  7.8  *  o  8.o°c  and  spawn  a  week  or  more  later  than  the  white 
sucker,  in  the  mime  streams.  Spawning  activity  and  hatching  and  emer¬ 
gence  of  fry  is  similar  to  that  reported  for  white  suckers. 

380.  Foo  !  ■  The  no  rtheim  hog  sucker  is  an  active  feeder,  over¬ 
turning  rocks  and  stirring  up  the  bottom  as  it  forages  for  immature 
aquatic  insects  and  other  bottom  life  with  its  fleshy,  sucking  lips. 

381.  The  fo>>d  of  tne  spotted  sucker  is  said  to  consist  mostly  of 
mollusks  and  insect  larvae. 

382.  Carnsuekers  browse  extensively  on  attached  filamentous  algae. 

Other  diet  items  include  aquatic  insects,  worms,  and  mollusks. 

183.  White  suckers  have  rather  generalized  food  habits  but  subsist 
mostly  on  immature  aquatic:  insects. 

3,8)(.  The-  diet  of  longnose  suckers  consists  almost  entirely  of 
algae*,  e*hi  rnnomi d  larvae,  ampin  pods,  and  other  bottom  organisms.  Food 
of  young  fish  includes  immature  aquatic  insects,  copepods,  cladocerans , 
an<l  algae. 
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385.  The  diet  of  the  largescale  sucker  consists  almost  entirely 
of  bottom  organisms  such  as  aquatic  insects,  crustaceans,  snails,  and 
a  I  gae . 

386.  Age  and  growth.  According  to  Pflieger  ( 1 9T 6 ) ,  northern  hog 
suckers  in  Missouri  streams  reach  a  length  of  about  85  mm  by  the  end  of 
their  first  year  of  life  and  average  165,  2)»6,  300,  and  '30  mm  in  their 
second  through  fifth  years.  Females  grow  more  rapidly  than  males  after 
the  fifth  year  and  attain  a  larger  maximum  size.  Males  mature  at  age 
II  and  females  at  age  ITT. 

387.  In  Oklahoma,  the  spotted  sucker  attains  a  length  of  about 
155  mm  in  its  first  year  and  averages  887,  338,  1«09,  and  ^39  mm  at  the 
end  of  succeeding  years.  Maturity  is  reached  at  3  years  of  age,  and 
the  maximum  life  span  is  about  5  years  (Jackson  1957). 

388.  According  to  Pflieger  (1975),  river  carpsuckers  in  Missouri 
average  8l  mm  in  length  by  the  end  or  their  fir si  year  of  life  and  165, 
2<?9»  3.19,  and  3I18  min  in  succeeding  years.  Maximum  life  span  is  at 
least  10  years.  Average  annual  growth  of  the  qui 11  back  carpsucker  is 
slightly  greater  than  that  of  the  river  carpsucker. 

389.  In  Missouri,  the  white  sucker  averages  97  mm  in  length  by 
the  end  of  its  first  year  of  life  and  173,  990,  ai',d  907  mm  in  succeeding 
years.  Maximum  length  is  about  508  mm.  Fish  mat, use  when  3  or  It  years 
old;  males  mature  a  year  earlier  than  females. 

390.  According  to  Brown  (1971 ),  longnoso  suckers  in  Montana 
average  76  mm  by  the  end  of  the  first  year  of  life  and  1 1*0,  91 6,  967, 

71 3,  and  It 3. ‘  mm  in  succeeding  years .  The  largest  individual  reported 
for  Montana  was  mm  long  and  weigh--, i  9.9  kg.  Fish  mature  at  4  or  5 
years  of  age. 

39! .  Growth  of  largescale  suckers  is  generally  slow.  According 
to  Brown  ( 1971),  growth  in  Montana  averages  51  mm  by  the  end  of  the 
first  year  -f  life  and  .89,  | -h 0 ,  190,  and  95t  mm  in  succeeding  years. 
.Specimens  as  old  as  11  years  have  been  n. ;  -ted.  This  sucker  matures 
when  7  -->r  5  years  old. 
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Sucker:;  in  t.ai  I  waters 

393.  The  effects  of  tailwaters  on  suckers  have  been  varied,  de¬ 
pending  on  the  type  of  tailwater  and  the  species  of  sucker.  Taken  as 
a  group,  suckers  compose  a  significant  segment  of  the  fish  population 
in  many  tailwaters. 

393.  The  northern  hop  sucker  is  abundant  in  many  eastern 
ccldwater  tailwaters.  Pierce  ( 1 9 13 9 )  found  no  change  in  the  numbers  of 
hop  suckers  below  furrrmers.ville  Dam  in  West  Virpinia  following  closure, 
iiog  suckers  have  remained  extremely  abundant  in  Chilhowee  t.ailwater, 
Norris  tail  writer,  and  Apulachia  tuilwater  in  the  Tennessee  Valley, 
where  young  of  the  year  are  used  as  a  food  source  by  game  fish  (Pfitzer 
1993;  Hill  1976).  The  lower  water  temperatures  ( ill .  1*-21 . 1°C ) ,  slightly 
reduced  turbidity,  mixed  gravel -bedrock  substrate,  and  higher  dissolved 
oxygon  level  (always  >6.0  mg/l)  provide  optimal  conditions  for  pro¬ 
ducing  large  numbers  of  hog  suckers  below  Hoover  Dam,  Ohio  ( Cavender 
and  Crunk i 1  ton  197*0 .  Hog  suckers  apparently  have  been  eliminated  from 
a  cold  tuilwater  in  Arkansas.  They  were  numerous  here  in  1930  when  the 
project,  was  completed  but  had  disappeared  by  1999  (Baker  1959;  Brown 
I  i)r'( ) .  Reasons  for  the  disappearance  were  not  specified. 

39'*  -  The  spotted  sucker  is  also  common  in  some  eastern  tailwaters. 
Ii,  is  one  of  the  dominant  species  in  Dale  Hollow  tailwater,  Tennessee 
(Bauer  1976).  It.  is  also  found  in  moderate  abundance  in  the  cold 
tn i  lwut.orr,  of  Hoover  Reserve?  r ,  Ohio,  and  Fast  Lynn  Lake,  West  Virginia 
(Cavender  and  Crunk i  1  ton  197’* ;  0< .odno  1975).  Occurrence  in  these 
tail  waters  is  most,  likely  due  to  transport  of  fish  over  the  dam  from 
the  reservoir  above,  fueeessful  reproduct i on  of  spotted  suckers  occurs 
primarily  in  Hoover  Reservoir.  Young  of  the  year  escape  over  the  dam 
arid  are  found  throughout  the  length  of  lower  Big  Walnut  Creek  (Cavender 
and  Crunk  i  1  tori  1 97  •’* ) .  Adult  spotted  suckers  are  the  fifth  most  numerous 
species  lost  over  the  spillway  of  Little  Cranny  Lake  in  Illinois,  com¬ 
posing  3  percent  of  total  fish  numbers  (Louder  1956). 

•SOL.  The  river  carpsucker  occurs  in  b* d  1;  cold  and  warm  tailwaters. 
It,  is  one  of  the  major  remaining  native  species  found  below  Canyon 
Reservoir,  Texas.  (White  1969).  It,  is  a  1  so  abundant,  in  Lewis  and  Clark 


tailwaters  on  the  South  Dakota-Nebraska  border  (Walburg  1971).  The 
damming  of  Big  Walnut  Creek  has  altered  quillback  distribution  by 
blocking  upstream  migration  and  increasing  spring  concentrations  in  the 
tailwater  (Cavender  and  Crunkilton  197**). 

396.  Carpsuckers  are  among  the  most  abundant  fishes  found  below 
dams  in  the  Rio  Grande,  New  Mexico.  They  remain  abundant  in  spite  of 
the  elimination  of  flows  following  the  irrigation  season,  which  reduces 
the  river  to  a  series  of  isolated  pools  (Huntington  and  Navarre  1957). 

397-  The  food  of  the  river  carpsucker  in  Lewis  and  Clark  Lake 
tailwater  consisted  primarily  of  zooplankton  and  algae  (Walburg  et  al. 
1971)  . 

398.  The  white  sucker  has  remained  dominant  in  tailwaters  below 
dams  on  many  rivers  where  it  was  abundant  before  impoundment.  The 
white  sucker  is  adaptable  to  conditions  in  cold  tailwaters  which  can 
closely  resemble  headwater  stream  habitats.  It  is  abundant  below  Hoover 
Dam  and  is  one  of  three  dominant  species  in  Rocky  Gorge  tailwater, 
Maryland  (Tsai  197?;  Cavender  and  Crunkilton  197*4).  In  Twin  Valley 
Lake  tailwater,  Wisconsin,  the  carrying  capacity  of  the  white  sucker 
increased  threefold  in  the  3  years  following  impoundment  (Wirth  et  al. 
1970).  Even  with  a  reduction  of  flows  to  only  11  percent  of  the 
historic  average,  white  suckers  have  remained  numerous  in  cold  Granby 
tail  water  in  Colorado  (Weber  1959)-  They  are  also  abundant  in  the 
tailwater  below  Holyoke  Dam,  Massachusetts  (Jefferies  197*4). 

399.  On  come  rivers,  the  construction  of  reservoirs  has  allowed 
the  while  sucker  to  increase  in  lumbers  or  become  dominant  in  drainages 
whore  it  war,  previously  of  only  minor  importance.  Increased  abundance 
of  the  whi'e  sucker  in  Dale  Hollow  tailwaters,  Tennessee,  is  attributed 
t.o  the  deeper,  more  lentic  habitat  found  in  the  lower  tailwater,  caused 
by  the  downstream  impoundment  of  Cordell  Hull  Reservoir  on  the 
Cumberland  River  (Rauer  197b). 

Hon.  Tn  the  Taylor  and  Gunnison  rivers  in  Colorado,  the  reduction 
in  temperature  and  turbidity  below  some  reservoirs  has  allowed  the 
white  sucker  to  outeompeto  most  other  native  sucker  species,  e.g., 
nannelmouth  and  bluehead  suckers  (Mullan  et  al .  1978;  Wiltzius  1978). 
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The  white  sucker  is  apparently  able  to  reproduce  in  both  of  these  reser¬ 
voirs  ami  tail waters,  which  accounts  for  its  dominance  over  the  native 
suckers  in  the  Gunnison  River  drainage  (Wiltzius  1978).  Tailwater  con¬ 
ditions  apparently  aid  growth,  since  the  condition  factor  (weight  in 
relation  to  length)  of  white  suckers  increased  in  Blue  Mesa  tailwater 
following  impoundment  (Kinnear  1967). 

)*0i.  The  longnose  sucker  has  become  abundant  in  the  tailwaters  of 
two  Colorado  dans,  and  it  has  also  displaced  the  native  sucker  species 
(Mull an  et  al .  197b;  Wilt.zius  1978).  The  reduced  temperature  and 
turbidity  in  these  tailwaters,  together  with  the  longnose  sucker's 
ability  to  reproduce  successfully,  may  give  this  species  a  competitive 
advantage. 

hOP..  Longnose  suckers  also  adapt  well  to  reductions  in  flow  below 
dans.  They  have  survived  in  flows  amounting  to  only  11  percent  of  the 
annual  average  (Weber  19q9) ■  Additionally,  they  remain  in  two  Wyoming 
tailwaters,  in  spite  of  a  seasonal  reduction  of  discharge  from  2h . 5  to 
0.0k  m"7sec  and  8.8  to  0.01  m  /sec,  respectively  (Wesche  197^0. 

■’(OS.  The  effects  of  reservoir  construction  and  operation  in 
western  rivers  on  the  historically  dominant  flannelmouth  and  bluehead 
suckers  have  been  mixed.  The  flannelmouth  sucker  remains  the  most 
numerous  native  species  below  Glen  Canyon  Dam,  Arizona,  and  the  blue- 
head  sucker  is  still  present,  in  Granby  tailwaters  (Weber  1999;  Mu 1 lan 
•d.  ai .  1°76).  numbers  of  flannelmouth  sucker  have  declined  in  a 
'Wyoming  tailwater  because  of  reduced  water  temperatures  ( Mullan  et  al . 
197(0.  Abunuanee  of  both  the  flannelmouth  sucker  and  the  bluehead 
suck-T  has  .increased  in  a  New  Mexico  tailwater  because  of  reduced 
'  >  -mj"  ■  futures  .and  competition  from  trout  (Mullan  et  al .  1976).  However, 
DO  km  downstream,  where  the  river  returns  to  its  warmer,  more  turbid 
condition,  the  flannelmouth  sucker  still  predominates  (Graves  and 
Haines  1968,  1069). 

U oL .  The  most  serious  reduction  of  bluehead  and  flannelmouth 
suckers  has  occurred  below  two  Colorado  tailwaters  where  cold  water 
temperatures  and  reduced  turbidity  have  allowed  other  species  to  out- 
oompel.e  then.  The  result  has  been  the  disappearance  of  both  species 
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from  one  of  the  tail  waters.  and  their  general  decline  in  the  other 
(Hul  lan  ot  a 3  .  197o;  Wilt-.-.ius  197H). 

hOT.  The  reduction  of  water  temperatures  in  a  Montana  tailwater 
has  delayed  roproduo t ion  b  to  8  weeks  for  both  the  largescale  and  long- 
nose  suckers.  Delay  i  r:  spawning  has  decreased  the  abundance  of  large- 
scale  suckers  in  this  cold  tailwater  (May  and  Huston  1979) •  Nitrogen 
embolism  below  this  site  has  caused  some  mortality  of  largescale  suckers. 
Largescale  suckers  are  extremely  abundant,  below  Dorena  Dam,  Fern  Ridge 
Reserved r,  Lookout  Point  Dam,  and  Dexter  Dam  in  Oregon,  apparent ly 
thriving  in  the  PL  to  27°C  temperatures  commonly  attained  in  these 
warmwater  tail waters  (Hutchison  ot  al .  !9o6). 

'■Or.  The  effects  of  reservoir  operations  on  other  less  widely 
distributed  sucker  species  have  also  boon  nixed.  Lowered  water  temper- 
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rocky  pools  with  current;  whereas,  the  /'olden  redhorse  in  most  abundant 
in  larger  pools  and  baekv.uters  without,  noticeable  current. 

1*10.  The  river  redhorne  seems,  lens  tolerant  of  turbidity,  siltn- 
tion,  and  intermittent  :‘!.w  t.han  the  other  redhorse  suckers.  The 
golden  redhorse  in  the  most  tolerant  of  both  turbidity  and  intermittent!* 
flow,  whi  1  e  thr-  silver  ia-  Ihors*'  avoids  spring- fed  streams  having  high 
ssauients  ana  t  hos.c  t  hat,  have  excessively  high  turbidity.  The  sh>  rthea. 
redhorse  is  the  most  .adaptable  in  its  habitat,  requirements . 

ill  1  .  Reprodue  t.  i ,  ai  .  Redhorr.es  spawn  in  April  or  Pay  when  wafer 
temperatures  reach  about  ]->.3°C.  Pp.uwni  ng  occurs  on  riffles  in  water 
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rema  i  n  i  in'  (Wlii  to  The  river  redhorso  ha:',  increased  in  the  lower 

tail  water  of  Onto  Hoi  low  Reservoir,  Tennessee,  r.ineo  it:',  i  numlo  1.  i  on  by 
Cordell  Hull  Reservoir  (Bauer  1976).  The  sheet. head  redhnrse  is  abundant 
in  Lewis  and  Clark  Lake  tail  water,  South  Dakota  and  Nebraska.  !i-  re  it 
feeds  primarily  on  soon  I  ankt.on  from  l.he  reservoir  ii  scharne ,  but  alpae, 
bryo.’.oans ,  and  aquatic  insert. s  are  also  commonly  eaten  (W-ilburr  el  al. 
l^il  )  . 

1  eta  !  nr  i  d.ao  (  Cm  !  fi  she.:  ) 

7f0.  The  eat- fish  family  include:'.  Vf  spec  i  os  ,  al!  renornlly  re¬ 
strict. ed  to  Mori  It  and  Couth  America.  In  United  fla'cs,  they  occur 

natural  ly  in  burper  rivers,  lakes,  and  si  •  -w-nov  i  w*  wit. err,  east  of  the 
Con*  inentnl  Divide.  Come  of  1  he  !  •>.  r.eer  spec ies  have  been  widely  intro¬ 
duced.  out, side  their  natural  mure  and  now  occur  thmurhout  the  United 
Clnt.es.  fleecier  commonly  'onnd  in  t.ai  !wc  ers  are  *.]>,.  ehannel  catfish, 
flathead  catfish,  and,  to  a  lesser  extent  ,  b.<!  1  heads ;  the  blue  catfish 
and  the  white  cal.  fi  sh  are  important  regionally.  All  are  popular  food 
and  frame  fishes.  Acs. ter  known  species  which  also  occur  in  tail  waters 
are  collectively  referred  to  as.  "madtoms."  They  are  rarely  seen  be- 
eause  of  their  small  sis.e  and  r.eeretive  habits.-..  This  discussion  of 
ictalurids  in, 'hides,  the  i.hree  r.oriera  I  croups — bullheads,  ratfishes, 
and  madtoms. 

Bui  1  heads 

iiCl .  Hah i  ta t  .  The  black,  brown,  and  yellow  bullheads  may  occur 
in  tai  1  waters, ,  but  they  are  essentially  quiet -water  fishes  found  in 
lakes,  ponds,  or  slu.ccish  st. reams,.  They  occur  in  a  variety  of  habitats 
bn*  art'  most,  abundant,  in  areas,  with  turbid  water ,  a  silt  bottom,  and 
ri  not.  ic cable  current  o"  strong  flow.  Ksperial.ly  favorable  habitats 
are  fhi'  permanent,  pools,  of  small  intermittent  creeks  and  muddy  oxbows 
and  backwaters  of  I  arfr..'  streams.  Black  bullheads,  usually  inhabit,  the 
l  owe"  sections  of  small-  to  medium-si '/.ed  streams,  of  low  gradient, 
r.onds,,  backwaters  of  larr.er  rivers,  and  silty,  soft-bottomed  areas  of 
lakes  and  imp. -andmenf.s .  They  do  not  inhabit  the  areas  in  which  brown 
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:itul  yellow  bullheads  usually  iii’nif  but  seem  to  replace  them  if  the 
habitat.  deteriorates.  Yellow  bullheads  seem  to  prefer  clearer  water. 

iiPf*.  Ri'ir.slui't  ion.  The  reproductive  habits  of  the  bullheads  are 
similar.  They  spawn  in  late  spring  or-  early  summer,  when  water  temper¬ 
atures  reach  about  P10C,  in  saucer-shaped  nests  fanned  out  by  one  or 
both  parent  fish.  Nests,  are  usually  beneath  some  type  of  cover-  such 
as  loss  or  objects  elevated  above  the  stream  bottom.  One  of  the  parents 
remains  continuously  with  the  eggs  until  they  hatch.  Minnows  and 
sunfish  ar-o  often  observed  near-  the  nest,  rushi  nr  in  to  cat.  epg  s  when¬ 
ever  the  onp. -s'  uni  t.y  arises.  Eggs  hatch  in  6  t  o.  9  days  at  90.6  to 
:\l.o°0.  At  hatching,  Uie  young  are  about  6  nun  long;  they  remain  in  the 
nest  until  al>. *ut  the  seventh  day.  The  vounp  bullheads  move  about,  in  a 
compact,  school  after  leaving  t  lie  nest,  ami  continue  to  be  aocompmi  i  ed 
by  -no  or  both  adults.  The  young  are  a  band  tied  by  ‘he  adults  when 
ah  >;•  M;  r:m  loti;:  bat  persist,  in  school,  j  nr  tdn-  -u/^ln  >ut.  t  lie  first  summer 
!  i  ,-e . 

hoi .  i'-ul  1  head s  are  1  ruly  emni  v roue  and  food  primarily 
ill"  lint  '  <nr  a  var  iet.y  of  plant  and  animal  material.  Adults  eat 
ir.i-.-i'  use  aquatic  insects,  clams,  snaii-s,  c  rust.acoans ,  plant,  material, 

•' . -hos,  and  fish.  Young  up  '  ■■  mm  1  -nr  feed  almost,  exclusively  on 

i  1  crustaceans.  Older  young  fe-ed  on  cii :  rotiom  i  d  larvae,  c  ladoceruns  , 

■  >.- !  !"v.  Mis ,  -i.mpli  i  pods  ,  and  mayflies. 

T'u.  Ape  and  growth.  In  Oklahoma  water::,  tdie  black  bullhead 
averages  oh  mm  in  leapt  h  by  Mi"  end  of  its  firs',  year  of  life  and  is 
about  i  "0,  O.’O,  .07 1) ,  pi  p,  and  I'rO  mm  lone  at.  the  end  of  succeeding 
y.-'u-s.  (i'"ns.cr  and  Pollins  1 of'-- ) .  ilrowt  h  in  various  habitat,  s  is  highly 
variable,  however,  h-hip  slowest,  in  overpopulated  ponds,  and  streams 
•ml  fastest,  iti  new  impoundment.::.  Railheads  may  prow  t.o  PSO  mm  during 
the  first  year  of  life  in  new  reservoir:-.,  but  may  not  reach  this  length 
unt.il  the  fifth  or  sixth  year  in  an  over  j»opuln1.ed  stream.  Max i mum  life 
span  is  about  10  years,  but.  few  individuals  1  i  ve  more  than  5.  Yellow 
and  brown  bullheads  attain  slightly  larger  size  than  the  black  bullhead. 
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Bullheads  in  tail wit ers 


■iP1}.  Bullheads  may  occur  in  tai  lwaters ,  but  this  habitat  is 
generally  unsuitable  because  of  reduced  turbidity  and  strong  currents. 

Bui  1 heads  found  in  t.ai  lwaterr.  -ire  often  produced  in  backwaters  or  in 
the  upstream  reservo j  r  and  carried  through  the  dam  into  the  tailwater. 

U?6.  It!  some  warm  tai  I  water;?,  bullheads  coning  from  the  reservoir 
above  are  an  important,  part  of  the  fishery.  A  lbr>9  preimpoundment 
rotenone  survey  of  Barren  River,  Kentucky,  estimated  bullheads  to  be 
O.B  percent,  of  the  river  fish  community;  few  were  taken  by  anglers 
(Carter  lb(,o).  T n  a  1968  creel  survey  at  the  Barren  tailwater,  it  was 
estimated  Ilia*  8  percent  of  the  anglers'  catch  was  bullheads.  Fishing 
success  in  'he  •  ai  (water  during  I  96H  was  correlated  wit.h  dam  discharge; 

riling  was  good  whet;  discharge  was  high  and  poor  when  it  was  low 
{"hauler  and  MoJ.einore  ln7  ■>) .  Rood  fi shine  success  for  bullheads  during 
:  •  si  as  high  fl  -w  and  low  historical  bullhead  populati  >nr»  in  the 

:  t:  i  i  sat  e  t.ljat  the  bullheads,  were  probably  produced  in  the  reser- 
v  a;.!  varistor*  ed  through  the  dam  info  the  tai  1  water.  The  creel 
c'"s  ;s  in  f  !i<>  Barren  tailwater  fr,  1  through  1971  showed  a  steady 
•!••••  •  •  i the  bul  llv-ad  c.at.ch  from  t.e  0.  J.  percent,  of  the  total 

h  ■  o  ■  v  •  s  ‘  (oir  r  les  find  Mel.rmore  iot?,)  .  '!'h  i  s.  do  -  line  not  only  indicates 

*  ha"  tic  builh'-mi  popul  ad  i  op  war:  unable  to  reproduce  in  the  tailwater 

•  •nvi  ronmi  »:t  ,  but  a  1  s>o  rev. -a !  s.  a  lack  of  fur*  her  recruitment  into  the 
t  a  i  )  water  from  the  reservoir  above. 

’.oy.  Below  Carlyle  Dari ,  Illinois,  bullheads  made  up  Ct.P  percent. 

.  f  ‘he  19('.c.  catch  by  anglers.  The  bull  head  harvest  was  0.38  fish/hour 
in  :  lie  reservoir  compared  wit.h  0.08  fish/hour  in  the  tailwater  (Fritz 
foBo).  These  figures  indicate  a  greater  abundance  of  bullheads  in  the 
reserve i  ••.  Apparently  bullheads  favor  the  reservoir  habitat  over  the 
flowing  tailwater.  Bullheads,  from  Fern  Ridge  Reservoir,  Oregon,  have 
(•stahl i shed  a  fishery  in  the  warm  tailwater  (Hutchison  et  al .  1966). 

Ball  and  T.ctta  (1991  )  found  that  8  percent  of  the  fish  in  the  stilling 
basin  below  Wisher  Dam,  Oklahoma,  were  black  bullheads.  They  believed 
that  the  fish  found  in  the  warm  tai 1  water ,  including  the  bullheads, 
ref  1  eot.ed  the  species  composition  of  the  reservoir  above  and  not  the 


river  downstream.  The  black  bull  head  if  abundant  in  the-  Stillwater 
Creek  drainage  in  Oklahoma,  but  occurs  i  ri frequently  in  the  Lake  Carl 
Blackwell  t.ailwater.  This  in  most  likely  due  to  the  strong  currents 
in  tailwaters,  which  do  not  nr  •vide  suitable  bullhead  habitat  (Cross 
1 9r>0) . 

Hu  1  I  heads  are  found  in  tail  waters  with  wide  temperature 
ranges  and  low  dissolved  oxygen  concentrnti  ns.  Electrofishing  showed 
that  black  bullheads  were  the  most  abundant  fish  ami  ranked  third  in 
biomass  in  East,  Lynn  tai  (wafer.  West,  Virginia,  where  wafer  temperatures 
ranged  from  B  to  PB °C  and  averaged  l(>.f>°C  (Goodno  19TL).  Fierce  ( 19^9) 
stated  that  bullheads  became  more  abundant  after  construction  of 
Cummers'/  i  T1  e  Dam,  Wert  Virginia,  even  though  tai  1  water  temperatures  did 
not  exceed  iI).6°C.  Cummers  (  1 9r>)< )  captured  bullheads  by  trap  net  below 
Tenkiller  Dam,  Okl  ahema ,  i :  i  water  of  1P.P  to  17.8°C,  swift  currents, 
and  dissolved  oxygen  concent  rat.  ions  of  less  than  O.B  mg/1.  Possible 
increased  production  of  bullheads  i  ri  thcs.e  reservoirs  and  their  export 
into  the  tailwaters  may  account  for  the  large  numbers  of  bullheads 
observed . 

U29 .  Only  two  papers  reported  food  habits  of  bullheads  in 
tailwaters.  Olson  (19^5)  stated  that  bullheads  in  Navajo  tailwater. 

New  Mexico,  ate  a  diet  similar  to  that  of  rainbow  trout.,  consisting  of 
dipterans,  plecopterans,  ephemeroptcrann ,  algae,  and  fish;  only 
gastropods  (eaten  by  trout)  were  excluded  from  the  bullhead  diet. 

Brown  bullheads  below  Holyoke  Dam,  Massachusetts,  nt.*>  (by  volume)  37.  h 
percent  detritus,  3‘.>.3  percent,  algae,  11.8  percent,  pelecypods,  11 
percent,  fish,  P.P  percent  bryosoans,  and  P.h  percent  other  items 
(Jefferies  1  07)1 ) . 

Cat.fi  sh 

h  <0.  Habi  t  at. .  Four  catfish  species  have  been  collected  from 
tai 1 water s :  channel  catfish,  f 1  at head  catfish,  blue  catfish,  and 
white  catfish.  The  last  two  species  resemble  the  channel  catfish  and 
are  regional  in  distribution.  The  white  catfish  is  found  in  Atlantic 
coastal  streams  from  Now  Jersey  south  to  Florida ,  and  the  blue  catfish 
occurs  only  in  the  Missouri  and  Mississippi  rivers  and  their  principal 


:  ribiitari«*n.  This  -:1  scumi  on  concerns  only  the  channel  catfish.  The 
f !  ••itho.ad  cat  f  i  sh  nay  occur  in  tail  waters,  but  is  little  mentioned  in 
’•a I  ’water  1  it.ernture. 

J.  -.1 .  The  channel  catfish  is  found  in  a  variety  of  habitats  but  is 
most  common  in  large  streams  having  low  or  moderate  gradients.  Though 
channel  catfish  prefer  currents,  excessive  current  or  insufficient  water 
d-pth  limits  the  i  r  distribution.  Adults  are  usually  found  in  loot-water 
pools  or  near  submerged  lo^s  and  other  cover.  The  young  are  common]” 
found  in  riffles  or  the  shallower  parts  of  pools .  Adults  are  r.  rt 
active  at  night,  when  they  move  into  shallow  w.at.er  to  feed. 

h  iP.  Reproduction .  The  channel  catfish  spawns  in  late  spring  or 
summer  when  water  temporal  .ires  are  between  .0  and  °9.h°C.  Catfish 
spawn  in  nests  select,  ci  V>y  the  ma  !«>.  Nest  sites  arc  natural  cavities 
under  subm-v-yd  r  iebris,  animal  burrows,  or  undercut  r tea  am 

banks,  '.lie  egos  h:t<  oh  in  ah  at  a  week  and  the  fry  remain  in  4  lie  nest 
for  V  or  8  more  'lays.  The  male  guards  the  nest,  until  the  fry  leave, 
i-ecaurt  if  nrcua  *  i  ■  -n ,  t  he  r.urvi”ttl  of  catfish  during  their  first  summer 
of  ] • fe  is  usually  greater  in  turbid  than  in  clear  ponds  or  s*  reams. 

h2?>.  Pc-'  v  i .  Charnel  ratfish  feed  nrr.M;,  •  n  tlie  hot!  r:  an!  1  cate 
fed  primarily  by  large.  Hailey  an  I  Harris-  r.  ( lO.t.R)  ,  wh-  conducted 
studies  on  the  fond  habit;-  :,f-  channel  cat-fish  it.  the  Hcs  Moines  River, 
Iowa,  found  ♦  hut  fish  less  4  inti  100  mm  long  fed  a  lrm -st  entirely  on 
small  insects,.  Larger  catfish  ha  i  a  rn.  re  varied  die*.  Including  fish, 
insects,  crayfish,  mo  Husks,  and  plant  material. 

•  t  RJj  .  Age  and  growth.  In  4  he  fait  River  in  Missouri,  the  channel 
catfish  averages  d'j  ntn  in  length  at  ’-ho  end  .f  i  t.s  firs*,  year  of  life 
and  is.  about  Ilf,  MO*',  .“>9,  TOY ,  '-i-’-O,  and  19°  mm  long  at  the  end  of 
s.ucceod  i  rig  years,  (Purket.t.  19''p,n).  ftuuies  by  Barnickol  and  ftarrett 
(  !  951  )  its  the  Mi  ss-)ur  i -11 1  i  no  i  p,  section  of  the  Mississippi  River  showed 
that  channel  catfish  mature  when  !<  or  9  years  old  at  a  length  of  105  to 
-;Hl  mm.  A-iul's  were  commonly  105  to  fi]  5  mm  long  and  weighed  O.t  to 
C.-:  kg.  Life  span  is  apparently  dependent  on  growth  rate.  flow-growing 
fis.h  in  Canada  may  live  longer  than  MO  years;  whereas,  fast-growing  fish 
the  s  -u thorn  Prilled  ft.ates  may  not,  live  longer  than  6  or  J  years. 
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Catfish  ill  bail  writers 

Mr>.  Channel  catfish  are  important  flame  fish  in  some  tail-waters, 
particularly  in  the  southeastern  United  States.  Changes  in  stream 
habi tat.  caused  by  dam  construction  have  had  varied  effects  on  channel 
catfish.  Tlvy  -ire  often  abundant  in  the  warm  tailwaters  of  turbid 
main-stem  or  tributary  rivers  but  are  uncommon  or  absent  in  clear,  cold 
tai 1 waters . 

Channel  catfish  disappeared  from  the  angler  cat.ch  in  a 
Missouri  reservoir  because  of  coldwater  discharge  ( ^  J»-l  !>.6°C)  from  an 
upstream  reservoir  (Hanson  19^9).  Below  an  Arizona  -hun,  channel 
catfish  were  second  in  Importance  t.o  rainbow  trout  until  the  water 
cooled  from  1>>.B0C  in  19<>7  t.o  lO.»i°C  in  1971  and  1977.  The  cooling 
•rend  caused  channel  catfish  t.o  leave  the  tailwnter  (Mu  L  lan  et  al . 

;°-v). 

h  >'f .  Channel  catfish  abundance  below  a  Kentucky  reservoir  appar¬ 
ently  decreased  af*  •  dam  construction  (Carter  19 69).  Water  .is  re- 
1  eased  from  the  hyp  -1  imniot:  to  maintain  a  tai  1  water  trout  fishery, 
channel  on:  fish  composed  B'dJi  percent  of  the  anglers'  catch  in  the 
tn  >!  water  arc.'  he  f  jnp<  mndmont  in  1 9r'9 *  but  never  more  than  2  per¬ 
ron:  after  int'oiindment  (Carter  3  069;  Charles  an.1  McLemoro  1973).  The 
■lianro  l  hypo  I  imneti  c  releases  in  1963  and  1969  to  epi  limnetic 
:•••  '..vises  ! 07 0  an  i  1071  did  no*  noticeably  affect  the  channel  catfish 

catch.  PC!;  release  regimes  rosul  ted  in  water  temperatures  below  t.hos. 

•f  t.he  h i ‘a  ••  i ca  1  monthly  average  for  the  Barren  River  ( Carte-  196°). 

I  towns  i  ream  from  .a  cold  hai  I  water,  as  1  oca  1  conditions 
n>  ieral.c  ‘he  dam  discharge,  catfish  populations  may  increase.  "raves 
and  Paines  (i960)  stated  ‘had  channel  cat  f  i  sh  Wore  the  main  game  f  i  sil 
’O.o  k.H  below  a  :icW  Mexico  'lam  whe*a>  t.urbidity  and  water  temperature 
>rri  i  nc  "cased  .  further  upstream  in  the  t  .  a.  i  1.  water  ,  trout  predominated. 

■  Turbid  main-stem  tail  waters  and  tributary  warmwatrr 

t.ai  '.waters  often  concentrate  catfish  and  create  a  fishery.  Cross  (l°B0) 
believe!  that  channel  catfish  below  bake  Carl  Blackwell,  Oklahoma, 
had  escaped  from  the  reservoir  and  remained  in  the  tailwnter  because 
food  was  abundant  and  flows  were  stabilised.  Tn  June  and  July,  an 


upstream  migration  of  channel  catfish  in  Stillwater  Creek  resulted  in 
a  large  concentration  in  the  Blackwell  tailwator.  Channel  catfish  were 
also  most  abundant  in  Lewis  and  Clark  tailwater.  South  Dakota,  during 
the  summer  (Walburg  1 9T1 ) .  Channel  catfish  concentrate  and  provide  a 
fishery  below  Lock  and  Dam  Number  1?  on  the  Mississippi  River  in  Iowa 
(Gengerke  197$).  This  species  is  second  in  biomass  and  fifth  in  abun¬ 
dance  in  East  Lynn  Lake  tailwater.  West  Virginia  (Goodno  1975).  A 
comparison  of  the  fish  population  in  the  stilling  basin  area  before 
and  after  closure  of  the  warmwater  Wister  Dam,  Oklahoma,  showed  a 
reduction  in  the  channel  catfish  population  from  Bit  percent  of  the 
total  numbers  of  fish  to  11  percent,  (hall  and  Latta  1951).  The  reduc¬ 
tion  reflected  the  change  of  a  community  associated  with  a  river  to 
one  more  commonly  associated  with  a  reservoir. 

MO.  Little  information  is  available  on  the  food  and  growth  of 
channel  catfish  found  in  tail water s .  In  Lewis  and  Clark  tailwater, 
they  ate  fish,  crayfish,  arid  aquatic  insects.  In  April  and  May,  when 
Hexagon.;  a.  war  abundant  in  the  tailwater,  it  was  i  major  food  item,  hut 
as  abundance  of  Hoxageni a  declined  in  the  summer,  catfish  ate  more  fish 
(WaJhurg  1971).  Catfish  in  Dale  Hollow  tailwator,  Tennessee,  ate  pri- 
nari iy  dipf.ora.ns  (Little  19^7).  Channel  catfish  grew  faster  in  Lewis 
and  Clark  Lake  than  in  the  tailwater  (Hal burg  1971). 

Mad  tons 

M 1 .  Hah i tat .  Madtoms  inhabit,  clear  to  moderately  turbid  streams 
having  permanent  flow  and  low  or  moderate  gradients.  Gome  species  are 
a  !  so  found  in  t  he  shn  i  lows  of  laker,  and  their  outlets .  They  generally 
occur  on  riffles  over  a  gravelly  or  rocky  bottom.  Gome  species  may 
a!  so  bo  found  over  sand.v  bottoms  in  areas  with  fast  current,  and 
others,  such  as  the  brindled  mu- it  on,  in  pools  below  riffles  associated 
w.i  th  oceanic  debris  such  as  root.;-.,  loaves,  twigs,  and  logs.  Species 
vary  in  their  tolerance  of  current  and  turbidity.  Madt  ims  are  most 
active  a*  night,,  often  hiding  by  day  beneath  large  rocks  or  other 
cove f . 

Roproduct i on .  Madtoms  spawn  from  late  spring  into  the  sum- 
TVn.k  spawning  occurs,  when  wa ter  temperatures  reach  to  P7  .$°C. 


nor . 


Kpps  are  deposited  as  a  compact  cluster  in  a  shallow  depression  exca¬ 
vated  beneath  a  flat,  cock  or  other  forms  of  protection  such  as  tin 


cans,  boards,  or  crockery.  Nests  are  guarded  by  one  of  the  parent 
fish.  Newly  hatched  younp  are  .about  It)  mm  lonp. 

••111.  Food .  Mail  toms  art'  active  at  nipht,  forapinp  over  riffles 
and  shallow  pools.  They  feed  primarily  on  insect  larvae  and  small 
crustaceans  that  live  on  the  bottom.  Occasional  small  fish  are  also 
eaten . 

hhh.  Ape  an  1  prowl  h.  Little  information  is  available  on  prowth 
of  madtoms.  Carlson  (l^op),  who  studied  the  stonecat  in  the  Vermillion 
Hiver  in  South  Dakota,  found  that  they  averaped  7°  mm  at  the  end  of  the 
first  year  of  life  and  99,  ll*t,  and  137  run  by  the  end  of  succeed i np 
years.  The  largest  specimen  was  .103  mm  loop  and  in  its  seventh  year. 

hh1}.  Other  species  of  mad  tom  are  smaller  than  the  stonecat  arid 
their  total  leapt. h  at  the  end  of  their  first  year  ranpea  from  7 6  to 
61*  mm.  Adults  of  most  species  are  M  to  10,'  mm  leap  and  maximum  lenpth 
is  about  177  mm.  Many  mature  in  their  second  summer  and  few  live  lonper 
than  3  years. 

Madtoms  In  l a i Iwaters 

li-'io.  There  are  few  reports  on  madtoms  in  tai  3  waters .  Carter 
(1969)  fain-1,  the  brindled  r.adt  om  in  the  Barren  tail  water,  Kentucky, 
in  1  Or-.-',  and  ;Oi  ‘ .  Four  sp.ee  ies  nf  madtoms — the  slender,  brindled, 
freckled,  and  an  indoso’-i  bed  species — wore  collect. ed  in  the  Barren 
Fiver  duri up  a  pre i mpoun  Irnenf  survey  in  1999.  in  the  Owyhee  River, 
Orepon,  tadpole  madtoms  were  commonly  found  in  both  the  tai 1 water 
below  Owyhee  Dam  and  in  the  reservoir  above  (Fortune  and  Thompson 
i960),  i’d.onecats  were  collected  below  four  impoundments  on  the  Au 
Sable  River,  Mi  chi  pan,  in  the  1970's,  but  none  were  collected  in  a 
1079  survey  (Richards  1976). 

Perci  clithyi  dae  (Temperate  Basses) 

MiY.  These  basses  include  several  freshwater  and  marine  penera. 

The  whit,..'  bass  and  the  less  common  yellow  bass  both  occur  naturally 


in  the  Mi  ssi  ssi  ppi  River  ■  lr:i  i  nage .  The  striped  bass  was  introduced 
into  many  reservoir:-  during,  the  past  PO  years  from  anadromous  stocks 
native  to  coastal  rivers  and  estuaries  in  Virginia,  North  Carolina,  and 
•  Ruth  Carolina.  These  plantings  have  been  successful  in  some  states, 
and  striped  bass  are  now  relatively  common  in  some  river-reservoir 
systems.  Rx am pi  os  of  rentes  with  successful  striped  bass  fisheries  in 
both  reservoirs  and  tailwaters  are  Oklahoma  and  Tennessee.  Reproduction 
of  introduced  striped  bass  has  been  limited,  and  the  maintenance  of 
fSshuble  stocks,  is  often  dependent,  on  annual  plantings  of  hatchery- 
produces  fish,  'i'he  life  history  discussion  of  temperate  basses  is 
1  ini 4  ed  to  the  white  bass;  the  tai 1 water  discussion  includes  both 
white  bass  and  striped  bass. 

V.’hl  t,  I  '  tv 

1  i  ■  i  b  i  ;  at  .  White  bass  inhnhi'  the  deeper  pools  of  streams 
and  • he  open  waters  of  lakes  and  res.  rvoi rs .  During  the  spring  spawn¬ 
ing  migrations,  large  numbers  ••n'-i-r  tributary  s'. reams  and  arc  the  basis 
for  at;  import  are  seasonal  fishery.  Tin-  white  bass  tends,  to  avoid 
waters  t.ha  *  a  r*  •  cent:  mr-usly  turbid  and  is  most  often  found  over  a  firm 
sand,  grave!  ,  ■  r  <cky  lot'  t;.  It.  has  been  introduced  into  many  lakes 
and  reservoirs  thr.  mrhout  the  Uni  ted  States. 

hh9.  Reprodtn* t. i o:i .  The  white  bass  spawns  in  early  spring  and 
spawning  is  usually  preceded  by  the  migration  o'"  mature  adults  into 
'ribuka.ry  streams.  The  prespawning  schools  are  composed  of  only  one 
sex.  Males  move  into  the  spawn i ng  grounds  about  a  month  before  tdie 
females.  The  spawning  period  throughout  their  range  is  from  April 
through  June,  when  water  temperature  is  about  1 S.6°C.  Spawning  occurs 
in  mi.lwa*  'u*  or  near  t  he  surface,  over  a  gravelly  or  rocky  bottom, 
often  in  a.  outvont,  and  without  preparation  of  a  nest.,  "pawning  is 
generally  completed  at.  any  given  locality  over  a  period  of  ri  to  10 
days.;  there  is  no  par.  rtal  care  of  eggs  or  young.  The  eggs  settle  to 
the  hot, tom,  where  they  had, eh  in  about  days.  Newly  hale  hod  larvae 
are  about,  i  mm  long. 

•’■hO.  p.  -ed  .  White  bass  usually  feel  in  sclvols,  appearing  in 
large  numbers  where  food  is.  abundant  arid  laving  on  when  the  stijply  is 
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Most  feed  near  the  wafer  surface  in  early  morning  and  late 
evening.,  where  they  pursue  forage  fish,  small  crustaceans,  and  the 
emerging  stages  of  aquatic  insects.  Zooplankton  and  aquatic  insects 
are  the  most  important  diet  items  for  young  white  bass.  The  diet  of 
adults  is  largely  composed  of  fish;  however,  zooplankton  and  insects 
are  also  important. 

•f'l.  Age  and  growth.  Growth  of  the  white  bass  is  rapid;  the  life 
span  is  seldom  more  than  L  years  in  southern  waters,  but  may  be  7  or  8 
years  in  northern  waters.  In  Lake  Wappapello,  Missouri,  this  fish 
reached  a  length  of  about  lb'r-  mm  its  first  year  and  averaged  30?,  338, 
•md  358  mm  by  t  he  end  of  {succeeding  years  (Patriarche  1953).  Few 
whit,'  bass  attain  a  length  and  weight  of  more  than  Ul»5  mm  and  1.2  kg. 
Temp' cat. e  basses  in  t.,u  i  'lwn  t.er:: 

•'i5?.  Tito  white  bass  is  an  important  sport  fish  in  many  tailwaters, 
es. social  ly  during  the  spring.  In  the  warm  tailwaters  of  Clearwater 
Lake,  Missouri,  it  made  up  7.0  percent  of  the  anglers'  catch  in  1961 
and  1 )» . :  percent  in  l°(Vt  (Fry  1 9(*>c> ;  Hanson  19^5 ) .  It  composed  8  per¬ 
cent.  of  the  anglers'  catch  below  Porrune  de  Terre  Reservoir ,  Missouri, 
luring  1  °bS— y!;  (Hanson  1977). 

771.  in  the  Tennessee  Valley,  white  bass  support  important  spring 
fisheries  in  cold  tai 1  waters ,  which  are  primarily  the  result  of  spring 
migrations  upstream  from  reservoirs  (Pfitzer  196?).  The  fish  is  a 
particularly  important  g;uno  species  below  the  main-stem  reservoirs; 
for  example,  in  Watts  Bar  tai 1  water  it  composed  18.8  percent  of  the 
anglers'  catch  in  1953  (Miller  and  Chance  195|,J).  Large  numbers  of 
white  bars  have  also  been  observed  migrating  upstream  out  of  Watts  Bar 
Reserve  i  «•  into  Norris  Dam  tail  water  (Esclimeycr  and  Manges  19^5). 

it'd).  Tn  Dale  Hollow  tailwater,  Tennessee,  white  bass  became 
abundant,  in  the  lower  tailwater  after  the  filling  of  Cordell  Hull 
Reserv  ir  (Bauer  1976).  White  bass  are  also  important  in  the  fishery 
be!  w  Tonkillor  Pam,  Oklahoma,  where  they  composed  8  percent  of  the 
••at. eh  immed  i  a  t  •  -1  y  below  the  dam  and  i»3  percent  at  a  point  12.8  km 
downstream  (Deppert.  1(>7‘"). 


iMMl 


•V>5.  Lake  Taneycomo  tailwater,  Missouri,  is  influenced  by  the 
presence  of  Table  Rock  Reservoir  upstream  and  Bull  Shoals  Reservoir 
downstream.  Increased  power  production  at  the  deep-release  Table  Rock 
Dan  has  converted  Lake  Taneycomo  tailwater  from  a  wamwater  to  a 
co ! dwater  tailwater,  making  conditions  unfavorable  for  warmwater  game 
fish.  The  magnitude  of  sprint'  migration  of  white  bass  into  Lake 
Taneycomo  !  ai  1  water  from  Bnl.1  Shoals  Reservoir ,  however,  is  most  heavily 
influenced  by  the  level  of  Bull  Shoals  Reservoir,  which  inundates  Lake 
Tai.eyecir.  tailwater.  Maximum  spring  migration  of  white  bass  into  the 
t.ai  lwa*  er  .  u'eurred  when  null  Shoals  Reservoir  was  between  0.6  and  3.0  m 
beP  w  :  •  'w-a-  p.  ol  .  Above  or  below  J  hese  levels  the  mirra4  ion  rate 
decline!  pi-  'p  -  rf  L  mate]  y  (Fry  1.965;  Hanson  1969)  ■ 

1  -  .  The  food  and  reproductive  habits  of  white-  bass  in  tail  waters 
-ire  no’  well  known.  Of  165  stomachs  of  immature  white  bass  collected 
from  Uorri.;  tai  Iwa!  er,  Tennessee,  in  the  winter  of  1^0  were 

empty  ( Kscimeyer  19*i;- ) .  V/hi  t.e  bars  in  Lewis  and  Clark  tail,  waters, 

Mouth  dakota,  fed  on  ::o-  ■■plankton  in  the  spring  and  fail,  and  pre¬ 
dominantly  fish  in  summer  (V.'alburr  e!  a  1  .  1 971  ) .  Little  reproductive 
success  was  noted  in  <  1 1  Iter  of  -  l to. so  tai  -waters  ( Esrhneyer  and  Manges 
1 0 U 5 »  Wa  ibinr  et.  al  .  1  9'H  ) . 

k  r>7 .  oti-ired  bass  have  been  stocked  in  a  number  of  reservoirs 
arid  {.ail. waters  in  an  effort,  to  control  large  gizzard  shad  populations 
and  ho  enhance  the  sport  fishery;  however,  they  have  been  found  to 
compete  with  trout  in  tail  waters.  Below  Davis  Dam,  Arizona,  2k  trout 
POO  to  PRO  mm  long  were  found  in  P0  striped  bass  stomachs  examined 
(Arizona  Game  and  Fish  Department  1979).  Additionally,  food  studies 
on  striped  bars  in  I'onki  1  ler  tailwater,  Oklahoma,  showed  that  rainbow 
trout,  composed  .'.0  percent  by  number  of  the  food  items  eaten  by  striped 
bass  during  the  first  week  after  the  trout  were  stocked .  Gizzard  shad 
was  the  primary  striped  bass,  food  in  this  tailwater,  accounting  for 
’•>  nereeri*  of  *  ho  t  d.nl  number  of  food  items  during  the  first  week 
a('f.--r  t  rout  stocking  and  76  percent,  at  other  times  (Deppert  197*3). 

. '  ini  la  r  •  res’-lt.s  were  t.ot.ed  in  Keystone  Pam  tail  waters,  Oklahoma,  where 
g i  r  :  shad  mud<-  up  :«  n-i’n*  of  the  food  eaten  (Combs  1979). 
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tier,  to  a  sinple  «*.  r>'nm  pool  ,  but  occasional  ly  it  r,  h- fflo  ranpe  includes 
several  pools  as  much  as  n.fi  km  apart . 

.'.(d.  Fiotted  bass  inhabit  flowinp  wat.err  that  are  warn.er  and 
si i fht ly  more  turbid  than  Dies e  favored  by  small month  bass.  Preferred 
summer  t  emporaf ure  is  about,  .'-’i °c.  "’In •  habits  of  the  spot  ted  bass  are 
similar  to  those  of  the  sma  i  lir.out  except  that  the  spotted  bass  is 
more  migratory. 

Up".  The  larpeimuith  bass,  is  more  widely  distributed  than  the 
older  basses  and  is  t  he  most  abundant  1  ass  species,  iii  st  andi rip-water 
habitats..  T*  s  : referred  summer  *  em.i'eralure  is  about  '.'7°C.  It  is 


commonly  found  in  Lowland  lakes,  roservo  i  rs ,  si ow- flowing  streams,  and 
backwaters  .  f  large  rivers.  Tt  is  intolerant  of  excessive  turbidity, 
and  in  streams  with  continuous  strong  flow  it  is  replaced  by  one  of  the 
other  basses.  The  1 a r Remouth  displays  more  seasonal  movement  than 
eith-'f  the  small  mouth  or  spotted  bass. 

'.el.  Rcproduet. i  on  .  The  small mouth  bass-  begins  nesting  in  the 
sprit./*  when  the  water  temperature  exceeds  l‘i.f°C.  Nesting  activity 
usually  soaks  in  late  spring.,  but  sometimes  continues  well  into  early 
summer.  Renost  ing  occurs  if  e.arly  nests  are  unsuccessful  because  of 
nigh  water  or  low  i  empera  tures ,  and  may  occur  even  if  the  first  nests 
are  successful .  Hosts  are  in  quiet  water  near  shore  or  downstream  from 
a  boulder  or  other  obstruction  that  breaks  the  force  of  the  current. 
V/ator  derail  rarely  exceeds  1  rn  over  the  nest.  Gmail  mouth  bass  eggs  are 
gel  ien  y.  ;  1  >w  and  about.  .?.r>  mm  in  diameter.  They  are  i  i  stinguished 
from  f  hose  -f  t  ho  spotted  bass  .and  largemou*  h  bass  by  their  larger  side. 
Kf’/'s  hat  ch  in  F  or  t  days  and  fry  remain  on  t  he  gravel  for  about  6  days 
before  leaving  the  ties!. 

'■G't.  Grot  ted  bass  generally  be/*  In  spawning  several  days  later 
than  sma  1  Lmout.ii  bass  in  the  same  stream.  Nest.:*,  are  similar  to  those  of 
the  snuilm ■■•u*h  bass,  and  the  development  of  eggs  and  fry  in  similar  at 
the  same  tempera  mure.  Fry  of  the  spotted  bass  disperse  from  the  nest 
■°  or  °  iays  af*  tu*  .-pawning  if  the  water  tempera' -ure  is  above  FO°C. 

.  Tin  1  arremonth  bass  begins  spawning  in  the  spring  when  water 
temper. a ture  rea  dies  about  J'  .o°C  and  cont  inuer,  into  late  spring.  Nests 
are  constructed  on  aln-vt  any  type,  of  I’lrm,  silt-free  bottom.  Water 
ai.ut  h  i.yor  nests  may  vary  from  0.  -  or  less  to  )i .  0  m  or  more,  being 
deepest  in  the  clear  waters  of  large  impoundments.  Nests  are  never 
constructed  where  (her*'  is  current  or  wave  action.  Tn  streams,  nests 
■ire  located  in  the  deeper  and  quieter  parts  of  pools  or  in  adjacent 
sloughs.  Eggs  are  about  the  rise  of  sent  ted  bass  eggs  and  are  much 
snu  1  than  those  .  ■  f  the  nmal  1  mouth.  They  hatch  in  1  or  U  days  and 
fry  leave  the  nest,  vs  a  school  when  about  10  days  old.  Gchools  break 
up  i'e  *  o  jl  days  after  hatching,  when  the  young  bass  are  slightly  over 
f  nm  long.  Tin  male  1  argemouth  is  a  more  attentive  parent,  than  any  of 
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the  ot  her  sun  fi  slier. ,  rom-n  i  sii  tv  with  he  s  'In-'t  inp  y-.nm,'*  for  several 
weeks  after  they  leave  !  he  nest  . 

■•oG.  Food .  Mi  dro  larvae  and  "ooFla.nkt.en  are  the  first  foods  of 
small mouth  bass  fry.  Acre  rd  i  :ir  to  rfl  itycr  (1979),  fry  less  than  ?5  nan 
loiii;  eat  small  fish,  and  fish  remain  an  important  part  of  their  diet 
throughout  life.  Fray:'!  sh  and  fish  occur  in  about  equal  amounts  in  the 
diet  >f  adult  bass.  I  us..-  •:  s  are  taken  frequent 1y  but  are  of  only  minor 

import nneo . 

•  oY.  Ir.m'-ufr  st. aster  of  aauatie  insects  ar<-  the  nj'i  no  i.rn  1  diet:,  of 
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Missouri  seal  1  mout.h  bass  weighs  about  ^fr'  r  at  a 


f  so  »  •  ed  bass.  :  s.  sli.'-i'd  ly  fast  or  t  han  that  i'f  t  he 
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1938a).  Growth  appears  to  be  more  rapid  in  reservoirs  than  in  streams. 
Most  fish  are  mature  when  3  ~>r  U  years  old.  Few  spotted  bass  live 
longer  than  6  years  or  attain  a  weight  much  greater  than  l.'i  kg. 

^71.  Growth  of  the  largemouth  bass  is  extremely  variable,  depend¬ 
ing  on  local  conditions.  In  Lake  Wappapello ,  Missouri,  a  length  of 
about  139  nim  is  attained  the  first  year  and  lengths  of  977,  338,  109, 

U6  0,  and  it 98  nun  are  reached  in  succeeding  years  (Patriarche  1993). 
Growth  rates  are  sirai lar  or  faster  in  new,  wel 1 -managed  ponds,  but  much 
slower  in  highly  turbi  I  or  overpopulated  p-  nds,  which  may  contain  bass 
it  years  old  or  older  that  are  still  less  than  PlA  mm  long.  Fish  mature 
between  the  ages  of  IT  and  TV,  depending  on  growth  rate.  Under  average 
conditions  a  309-mm  bass  weighs  about.  8-0  g  and  a  'jbO-mm  bass  about 
7.7  kg.  Individuals  weighing  more  than  kg  ar-'  not.  uncommon.  Few 
largemouth  bass  live  beyond  19  years. 

Black  basses  in  tallwaterr. 

it 79.  Black  basses  are  important  game  fish  in  rivers  and  "eservoir 
in  many  areas,  of  the  United  States.  They  occur  in  tailwaters  if  water 
temperatures  are  suitable  and  cover  is  adequate.  Black  bass  population 
have  been  reduced  below  many  hypolimneti c  release  dams  constructed  on 
warmwater  streams  because  ol’  low  water  temperatures,  strong  currents, 
and  lack  of  instream  cover. 

i*73.  The  small mouth  bass  fishery  below  Hoover  Dam,  Ohio,  was  lost 
duo  to  hypolimnetic  water  discharge  from  the  dam  ( (lavender  and 
Crunkilton  107*< ) .  Pierce  (1969)  showed  a  reduction  in  smallmouth 
populations  from  T.i’h  to  h.JP  kg/ha  in  the  Sunonersvi  lie  tailwater. 

West  Virginia,  based  on  preimpoundment  and  post i mpoundment  electro¬ 
fishing  studies.  The  maximum  temperature  in  Summer svt lie  tailwater  is 
19 .8°0,  which  is  below  the  optimal  range  for  smallmouth  bass.  Dendy 
and  Stroud  (19^9)  believed  that  low  water  temperatures  and  low  dis¬ 
solved  oxygen  following,  construction  of  Fontana  Dam,  North  Carolina, 
adversely  affected  smallmouth  bass  for  many  miles  downstream  in  the 
Little  Tennessee  River.  The  col.dwater  discharge  from  Table  Rock 
Reservoir,  Missouri,  caused  the  Joss  of  smallmouth  and  spot  ted  bass 
downstream  in  Lake  Taneyeomo  (Fry  and  Hannon  1988). 


h’fh.  Col.i  tail  waters  below  t  wo  dams  in  Kent  uieky  support  fewer 
black  banner  Mian  occurred  In  the  natural  river  before  impoundment. 

Black  banner  were  estimated  to  be  1(7,9  and  lb.]  percent  of  the  angler 
catch  in  a  1059  creel  survey  from  these  two  rivers  (.7.  P.  Carter  1 96% ) . 
In  106H-YI ,  after  dam  construction,  black  banner  composed  only  0.1  to 
P.p  percent  of  the  anpler  catch  (Charles,  and  Mcher.orc  1971).  Apparently 
the  t  ailwator  habitat  di  ffered  from  the  original  wamiwat.er  strt-im  habi¬ 
tat.  and  did  not  provide  the  coiuii '  ions  necessary  t-  sustain  the  bass 
;'i  nhery . 

>475.  Small mouth  bans  were  common  in  anpler  cai  ehes  in  the 
tail  water  below  Cherokee  Dam,  Tennessee,  for  t.iie  first.  7  years  after 
impoundment.  The  f i shcry  changed  thereafter,  an  i  anrlers  had  t.o  fir!; 

V?  t.o  7.0  km  downstream  to  catch  nuai  Imut  h  bans  (’'fitter  19^2).  Low 
water  *  enpo natures  apparently  reduced  bass  reproduct.  i on  and  numbers  in 
t  he  upper  BP  km  of  the  tai  1 water. 

hyC.  Ksclmey.r  and  Manre.i  ( 19’P' )  showed  that,  the  condition  factor 
of  larpomeuth  bass  d* ■  1  :  t;- :  from  autumn  i't’.P  to  autumn  1  o)rt  in  a 
Tennessee  t  a  5  1  water.  They  be;  ieved  the  fish  were  experiencing  hiph 
natural  mor*  a  i  i  t.y  Sue  to  ».Ik>  harsh  hnbi  tat.  in  t.hir,  c'o.ld  tai  1  water  . 

•*>77.  fame  warm  and  coo]  tail  waters  sustain  black  bass  populations 
when  water  temperatures  and  ever  are  adequate.  Many  y. >unp-o f-t.he-y  ear 
sma  !  iriouth  Vann  were  captured  by  seine  below  a  P-w-head  dam  on  the 
Manii'kefa  h’iver,  Lwa.  Tiie  l.arpe  concentrat  i .  ais  of  fish  in  this 
tai!  water  were  believed  *  o  be  a  result  of  hip/;  ox.vpei:  levels,  blockade 
of  a  put.  ream  novel:,  en'  ,  and  habi  t  at  diversity  (  Paraparr/i  .an  1979)  • 

Hutch!  s  i.  et.  al.  ( lof.f.)  f  am  d  i  -w  to  moderate  smal  lmouth  bass  abundance 
below  Pott. ape  Prove  Dap  and  Doretia  Dam,  Orepon.  These  flood  control 
dams  have  caused  at.  i  ncr<>a.n-  in  water  tempo  rat. ure  in  t.he  tai  1  waters  and 
have  made  them  more  suitable  for  smal lmouth  bass  and  less  suitable  for 
tr  ait  and  salmon.  Andrews  <-t.  al.  ('197**  <  compared  t.he  catch  of 
]  arp.  'Ut.ii  bass  in  the  river  above  and  below  an  Oklahoma  reservoir. 

H  i  stofiea )  ]y,  i  arpenout.h  bass  were  abundant  in  the  deep  pools  of  the 
i  wt .stream  section  who’.,  ’’lows  were  more  r. table.  After  impoundment. , 
a,  •  . •  scent  of  <  he  1  a rpemo’jt.h  bass,  were  caupht  in  t  he  river  above  the 


reservoir,  and  they  provided  35  percent  of  the  estimated  catch  of  all 
fish  species.  Coolwater  discharge  and  fluctuating  flows  below  this 
main-stem  hydropower  dam  apparently  reduced  habitat  suitability  for 
largemouth  bass  in  the  tailwater. 

f*78.  Food  of  largemouth  and  smallmouth  bass  from  Holyoke  Dam 
tailwater,  Massachusetts,  was  studied  in  197?  (Jefferies  1971*).  The 
frequency  of  occurrence  of  fish,  insects,  and  crayfish  in  largemouth 
base  stomachs  was  88.9,  l6. 7,  and  7.8  percent.  Fish  (spottail  shiners) 
made  up  93.1*  percent  and  crayfish  5-3  percent  of  total  food  volume. 

The  largemouth  bass  selected  spottail  shiners  over  Alosa  spp. 
limn 11 mouth  bass  stomachs  contained  fish,  insects,  crustaceans,  and 
peleoypods.  Fish  made  up  1*5  percent  of  the  stomach  contents,  crusta¬ 
ceans  35  percent,  and  peleoypods  30  percent.  In  largemouth  bass 
collected  below  Norris  Dam,  Tennessee,  1*2  of  53  stomachs  examined  were 
empty.  Apparently  the  cold  tailwater  did  not.  provide  good  bass  habitat 
since  the  fish  exhibited  no  growth  ( Eselonoyer  lOUi ,  Eschmeyer  and 
Manges  191*5). 

1*79.  Reproduction  of  black  basses  in  tailwaters  is  not  well  docu¬ 
mented.  There  is  no  documented  reproduction  of  smallmouth  bass  in 
d'>uth  Holston  tailwater,  Tennessee.  No  .juvenile  bass  were  captured  in 
this  tailwater  and  many  adult,  females  from  a  November  1953  collection 
had  resorbed  their  eggs  (Pfit.zer  1082).  Young-of-the-year  largemouth 
bass  were  the  most  abundant,  eent.rrirchid  in  collections  taken  in  1965 
below  Beaver  Dam,  Arkansas.  However,  it  is  not  know?:  whether  these 
fish  were  produced  in  the  tailwater  or  had  moved  out  of  the  reservoir 
above.  In  I9*'6,  no  largemouth  bass  adults  or  juveniles  were  captured 
in  the  tailwater  (Brown  19f>7 )  • 

1*80.  Oenerally,  cold  tailwaters  do  not.  provide  good  bass  habitat. 
Limited  bass  fisheries  have  developed  below  some  dams,  but  fish  harvest 
usually  remains  low.  f.uccessful  bass  fisheries  are  usually  found  in 
warm  tailwaters  with  backwaters  or  other  sheltered  areas. 

True  sunf i shes 

1*8 1  .  The  most,  common  of  the  "true  sunfishos"  (a  term  applied  here 
to  the  Iiopomi s  sp.  of  the  family  Centrnrchidao )  occurring  in  tailwaters 
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are  the  bluegi.il,  preen  sunfish,  and  longear  sunfish.  Also  included 
in  tills  section  is  the  rock  bass.  Other  true  sunfishes  may  be  locally 
abundant  in  tailwaters,  but  their  life  histories  are  generally  similar 
to  those  described. 

Habitat .  The  blucgill  is  common  in  the  deeper  pools  and 
backwaters  of  streams,  and  in  lakes,  ponds,  and  reservoirs.  It  is 
intolerant  of  continuous  high  turbidity  and  siltation  and  thrives  best 
in  warm,  quiet-water  areas  with  some  aquatic  vegetation. 

U 83 .  The  green  sunfish  tolerates  a  wide  range  of  conditions,  but 
does  best  where  few  other  sunfishes  occur.  It  is  adaptable  for  survival 
in  fluctuating  environments,  since  it  tolerates  extremes  of  turbidity, 
dissolved  oxygen,  temperature,  and  flow. 

USh,  The  longear  sunfish  is  characteristic  of  clear  streams  with 
sandy  or  rocky  bottoms  and  permanent  flow.  It  is  more  common  in 
streams  than  in  large  rivers,  hike  other  sunfishes,  it  avoids  strong 
currents  and  is  usually  found  in  pools  and  backwaters  adjacent  to  the 
s'  core:,  channel.  In  most,  environment.:;,  when  longear  sunfish  are  common, 
gre>  •!;  .nfi sh  are  few. 

•  ‘  .  The  rock  bass  commonly  occurs  in  streams.  Permanent  flow, 

!  w  •  urbi  di  t.v ,  abundant  cover,  and  silt-free  bottoms  are  its  basic 
u  s .  1*  is.  usually  found  near  boulders,  submerged  logs,  and 

•  c.r,  where  i  hero  j .•  -t  flight  to  moderate  current.  A  deep  rocky 

1  i  rj-.o  i  i  a  t.ely  below  a  ruffle  is  a  favored  spot.. 

Vs  .  Re;  ■  motion.  The  true  sunfishes  appear  to  have  similar 
spawn i nr  habits.  Fish  begin  nesting  in  the  spring  when  water  tempera¬ 
tures  are  -ib  ujt,  .’1  °r.  Spawning  reaches  a  peak  in  June  but  often  con¬ 
tinuer-.  into  August  .  nesting  occurs  on  almost  any  type  of  bottom,  but 
gravel  is  preferred.  Host:;  are  usually  in  water  0.1  to  0.6  m  deep  and 
consist,  of  roundish  depressions  with  a  diameter  about  twice  the  length 
of  the  made  rarent.  Many  nests  are  commonly  close  together  and  in  a 
limited  area.  The  green  sunfish  is  less  colonial  than  some  of  the 
other  .tun fisher,  in  its  nesting  habits.  The  male  guards  the  nest  until 
the  eggs  hatch  but  does  not  guard  the  fry  once  they  leave  the  nest. 


136 


Because  of  their  similar  spawning  habits,  the  various  sunfish  species 
often  crossmate  and  produce  hybrids. 

1*87.  The  nesting  season  of  the  rock  bass  coincides  with  that  of 
the  smallmouth  bass  and  precedes  that  of  the  sunfishes.  Nests  have  been 
observed  as  early  as  the  first  week  of  April  and  as  late  as  early  June 
in  Missouri,  but  in  any  given  year  the  season  seldom  lasts  more  than 
one  month  (Pflieger  1975).  Nesting  begins  when  stream  temperatures 
range  between  12.8  and  1S.6°C.  The  male  rock  bass  fans  out  a  saucer¬ 
shaped  depression  °00  to  250  mm  in  diameter  over  a  bottom  of  coarse 
sand  or  gravel.  Nests  are  in  water  from  0.8  to  1.5  m  deep,  usually 
near  a  boulder  or  other  large  object,  and  often  where  there  is  a  slight 
current..  The  rock  bass  is  a  solitary  nest.er,  in  contrast  to  the  true 
sunfishes,  which  tend  to  nest  in  colonies. 

1*88.  Food .  The  diets  of  true  sunfishes  and  rock  bass  are  gener¬ 
ally  similar.  Young  of  the  year  feed  on  zooplankton  and  immature 
aquatic  insects,  and  older  fish  on  aquatic  insects,  supplemented  with 
small  fish,  crayfish,  and  snails.  Feeding  is  most  intense  during  the 
early  morning  and  in  the  evening. 

'  ’’9.  Age  and  growth.  Gro wth  of  the  bluegill  varies  considerably 
from  one  body  of  water  to  another.  Growth  is  usually  slower  in  streams 
than  in  ponds,  lakes,  or  reservoirs .  In  most  Missouri  waters,  the 
bluegill  reaches  a  length  of  ISO  mm  and  a  weight  of  about  70  g  by  the 
end  of  its  third  or  fourth  summer  of  life.  A  215-mm  bluegill  weighs 
about  925  g.  Bluegills  commonly  reach  a  length  of  2l*0  mm  and  a  weight 
of  V>0  r  (Fnioger  107S). 

hop.  ?he  green  sunfish  attains  lengths  of  about  4 3 *  8l ,  119,  150, 
and  108  mm  at  an  age  of  1  through  5  years,  in  the  Salt  River,  Missouri 
(liirketd.  105Ba).  A  lr>0-mm  green  sunfish  weighs  about  85  g;  few  indi¬ 
viduals  exceed  a  length  of  230  mm  or  a  weight  of  3^0  g. 

H91 •  In  Missouri  streams,  the  longear  sunfish  attains  a  length  of 
about  13  mm  its  first  year  and  614,  91,  109,  122,  and  127  mm  in  succeed¬ 
ing  years  (T’urkott.  1958b).  The  maximum  length  and  weight  are  about 
]?'■’  mm  and  198  g. 
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**9?-  Rock  bass  from  Ozark  streams  in  Missouri  average  1*1  mm  in 
length  by  the  end  of  their  first,  year  of  life  and  attain  lengths  of  86, 
1-1*0,  178,  003,  and  2i6  mm  in  succeeding  years  (Purkett  1958a).  Few 
live  more  than  5  or  6  years,  but  they  commonly  attain  a  length  and 
weight  of  up  to  .°80  mm  and  i*5*t  g. 

•*93 -  in  summary,  growth  of  the  true  sunfishes  varies  considerably 
from  one  water  body  to  the  next,  and  stunting  occurs  in  crowded  popula¬ 
tions  or  where  water  i'-  continuously  turbid.  Generally  the  bluegill , 
rock  bass,  and  green  sunfish  attain  the  largest  size. 

True  sunfishes  in  tailwaters 

''(9-'*.  Tlie  abundance  of  sunfishes  in  tailwaters  is  variable  and 
depends  on  recruitment  and  the  available  habitat.  The  occurrence  of 
sunfishes  in  tailwaters  below  Tennessee  Valley  Authority  storage  reser¬ 
voirs  war.  found  to  depend  on  fish  present  in  the  river  before  impound¬ 
ment,  fish  entering  the  tailwater  from  the  reservoir  above,  and  migra- 
ti  n  into  the  tailwater  from  tributary  streams  or  reservoirs  downstream 
(P‘’itzer  196P).  Cavender  and  Crunkilton  (.19 7!<)  reported  bluegills  and 
white  crappies  being  carried  ver  the  spillway  of  Hoover  Dam,  Ohio, 
and  establishing  small  populations  in  the  tailwater.  Bluegills  were 
also  periodically  transported  over  spillways  into  the  tailwaters  of 
b'rieville  Luke  and  Wye  Lake,  Maryland,  and  Loramie  Lake,  Ohio  (Clark 
19^9;  Kiser  I960). 


i*9r>.  Sunfishes  generally  prefer  areas  with  instream  cover,  low 
currents,  and  maximum  water  temperatures  above  91 °C.  Sunfish  popula¬ 
tions  are  usually  depressed  in  tailwaters  that  are  cold,  or  have  high 
turbidity  or  little  instream  cover.  Bluegills,  longear  sunfish,  and 
green  sunfish  were  collected  in  Nor fork  tailwater,  Arkansas,  in  1950 
(reservoir  impounded  in  19^( ),  but  were  lacking  in  collections  made  in 
1959  (Hoffman  and  Kilambi  1970).  Brown  (1967)  found  several  sunfishes 
in  the  same  drainage  below  the  newer  Beaver  Dam  in  1965  (reservoir 
impounded  in  1961).  Apparently  several  years  are  required  before  the 
reduction  in  temperature  eliminates  sunfishes  from  these  cold 
tailwaters.  Table  Rock  tailwater  (Lake  Taneycomo),  Missouri,  was  con¬ 
verted  from  a  warm  to  a  cold  tailwater  when  hypolimnetic  discharges 
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were  begun  in  1959.  Bluegills  were  the  only  warmwater  species  to  re¬ 
main  abundant  after  the  change  to  cold  water.  Most  of  the  bluegills 
were  captured  at  the  downstream  end  of  Lake  Taneycomo,  where  solar 
warming  and  some  thermal  stratification  occurred  (Fry  and  Hanson  1968) . 
Bluegills  and  longear  sunfish  composed  over  50  percent  of  the  total 
numbers  of  fish  collected  by  electrofishing  in  Nolin  tailwater, 

Kentucky,  in  1965  and  1966.  The  abundance  of  sunfishes  in  the  tailwater 
was  due  primarily  to  export  of  fish  from  the  reservoir  above  (J.  P. 
Carter  1968b) .  A  change  from  epilimnetic  to  hypolimnetic  release  and 
the  stocking  of  trout  in  the  tailwater  in  1970  and  1971  resulted  in  a 
reduction  of  the  sunfish  harvest.  The  sunfish  catch  from  1968  to  1971 
declined  from  79 J*  to  10.7  percent  of  the  total  number  of  fish  caught 
and  from  UU . 6  to  3.^  percent  of  the  total  fish  weight  (Charles  and 
McLemore  1973).  Reports  of  sunfishes  in  other  cold  tailwaters  are 
limited.  Bluegills,  green  sunfish,  and  redear  sunfish  composed  only 
5  percent  of  the  1975  fish  community  in  Dale  Hollow  tailwater,  Tennessee 
(Bauer  1976). 

1+96.  Studies  on  several  warm  tailwaters  suggested  that  sunfishes 
can  be  important  in  the  fishery.  Bluegills  were  estimated  to  be  8,  12, 
and  13  percent  of  the  angler  catch  at  Lake  of  the  Ozarks,  Pomme  de 
Terre,  and  Stockton  tailwaters,  Missouri.  Both  Lake  of  the  Ozarks  and 
Pomme  de  Terre  have  epilimnetic  discharges,  resulting  in  maximum  water 
temperatures  of  about  29°C  (Hanson  197^).  A  highly  significant  corre¬ 
lation  between  total  annual  discharge  and  annual  average  catch  rate 
was  found  at  Pomme  de  Terre.  Hanson's  findings  agreed  with  the  con¬ 
clusions  of  Moser  and  Hicks  (1970)  that  tailwater  fisheries  are  sup¬ 
ported  by  fish  from  the  reservoir  (Hanson  1977).  Carter  (1969)  stated 
that  sunfishes  in  the  Barren  tailwater,  Kentucky,  were  more  abundant 
when  water  was  released  from  the  epilimnion  rather  than  from  the 
hypolimnion.  The  warm  water,  in  combination  with  the  abundant  instream 
cover,  accounts  for  the  increase  of  sunfishes.  Of  the  fish  seined 
below  Lake  Carl  Blackwell,  Oklahoma,  IS  percent  were  sunfishes  (longear, 
orangespotted ,  and  green).  The  longear  sunfish  was  most  abundant  in 
July  when  it  was  favored  by  reduced  turbidity  and  stabilized  flows 


below  the  dam  (Cross  1950).  Not  all  warm  tailwaters  provide  good 
sunfish  habitat.  Moser  and  Hicks  (1970)  found  that  sunfishes  made  up 
only  1.5  percent  of  the  fish  biomass  and  3.0  percent  of  fish  numbers 
in  the  stilling  basin  of  an  Oklahoma  reservoir.  Lack  of  cover  may  have 
been  responsible  for'  the  low  abundance  of  sunfishes.  Fritz  (1969) 
reported  that  bluegills  made  up  b.b  percent  and  green  sunfish  2.6  per¬ 
cent  of  the  angler1  catch  in  Carlyle  tailwater,  Illinois. 

It 97.  Sunfishes  are  important  to  the  fisheries  in  some  cool 
tailwaters.  Longear  sunfish  was  the  most  common  species  taken  by 
anglers  in  Broken  Bow  tailwater,  Oklahoma  (36  percent  of  the  catch),  and 
was  second  in  biomass  ( 17  per-cent).  However,  more  longear  sunfish  were 
captured  in  the  river  above  the  reservoir  than  in  the  tailwater.  Weekly 
temperature  means  averaged  3.8°C  lower  in  the  tailwater  than  in  the 
river  upstream.  Apparently  the  cool  water-  and  fluctuating  flows  in¬ 
fluenced  the  harvest  of  sunfishes  in  this  tailwater  (Andrews  et  al. 
197*0.  Cavender  and  Crunk ilton  (197*0  reported  that  a  small  concentra¬ 
tion  of  rock  bass  exists  in  Hoover  tailwater,  Ohio;  the  authors  be¬ 
lieved  that,  the  rock  bass  stay  in  the  tailwater  because  of  the  abun¬ 
dance  of  forage  fish  and  crayfish. 

I98.  The  fo -d  habits  of  bluegills  and  longear  sunfish  from  Wilson 
Dam  tailwater,  Tennessee ,  were  studied  in  the  spring  of  1977  (Warden 
and  Hubert  1977).  Fish  eggs  made  up  67. 2  percent  of  the  total  number 
of  food  items  ami  59. 2  percent  of  the  total  volume  in  bluegills,  and 
56.I  percent  by  number  and  3.7  percent  by  volume  in  longear  sunfish. 
Insects  were  abundant  in  the  stomachs  of  both  species.  Insects  ac¬ 
counted  for  97. 1  percent,  by  number  and  39.1  percent  by  volume  of  food 
items  in  bluegills,  and  93.0  percent  by  number  and  99.3  percent  by 
volume  in  longear  sunfish.  Insects  eaten  were  of  the  orders  Diptera, 
Coleoptera,  and  Triehoptera  and,  of  these,  chironomid  larvae  and  mayfly 
nymphs  composed  90  percent  of  the  total  number  and  volume.  Other  items 
found  in  the  stomachs  were  decapods,  larval  fish,  isopods,  mollusks, 
arachnids,  and  annelids. 

b 99-  Growth  of  bluegills  in  Hartwell  tailwater.  South  Carolina, 
did  not.  vary  from  that  of  fish  downstream  or  from  those  captured  in  an 


unimpounded  control  stream.  Apparently  temperature  fluctuations  and  a 
temperature  range  of  6.1  to  l6.8°C  in  the  Hartwell  tailwater  did  not 
adversely  affect  growth  (Dudley  and  Golden  197M,  although  Fry  and 
Hanson  (1968)  stated  that  growth  of  warmwuter  fish  (including  bluegills) 
war.  reduced  in  a  cold  Missouri  tailwater  (discharge  temperature  I4.U— 
15.6°C). 

Crappies 

500.  The  white  erappie  and  black  crappie  may  both  occur  in 
tailwaterr,  and  they  have  similar  life  histories. 

901.  Habi tat .  White  crappies  are  found  in  ponds,  lakes,  reser¬ 
voirs,  and  slow-moving  streams  and  rivers.  In  reservoirs,  they  are 
often  found  in  areas  having  standing  timber  or  other  cover,  and  at 
other  times  they  frequent  deeper  water,  commonly  occurring  at  depths 
of  !».6  m  or  more.  Young  ci*appies  are  often  found  over  open  water  of 
considerable  depth.  In  streams,  the  white  crappie  is  most  abundant  in 
tiie  deeper  pools  or  in  backwater  areas  away  from  the  main  current.  It 
avoids  streams  that  are  excessively  turbid  and  those  kept  continuously 
cool  by  flow  from  springs. 

50<- .  The  black  crappie  requires  habitat  similar  to  that  of  the 
white  crappie  except  that  it  is  less  tolerant  of  turbidity  and  silta- 
tion.  In  reservoirs,  the  black  crappie  is  noticeably  more  abundant  in 
embnyments  fed  by  the  clearer  streams.  In  streams,  black  crappies 
require  clear  water,  absence  of  noticeable  current,  and  abundant  cover. 

903.  Reproduction .  Crappies  begin  spawning  in  April  or  May, 
when  the  water  temperature  rises  to  about  1‘5.6°C.  In  reservoirs, 
spawning  occurs  in  shallow  areas  of  coves  protected  from  wave  action; 
many  nests  are  sometimes  concentrated  in  the  same  cove.  Nests  are 
prepared  by  the  male  on  a  variety  of  silt.-free  substrates  in  water  0.1 
to  6.0  m  deep.  Cites  with  nearby  lops  or  other  large  objects  are 
favored  locations  for  nests.  The  location  of  the  nest  is  indicated 
only  by  the  presence  of  the  male.  Eggs  hatch  in  about  3  days  and  the 
fry  remain  in  the  nest  several  more  days.  Fry  do  not  school  after 
Leaving  the  nest. 
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50>i.  Food.  The  diet  of  young  crappies  consists  mainly  of  zoo¬ 
plankton,  and  that  of  adults  includes  zooplankton,  aquatic  insects, 
and  small  fish.  The  proportions  of  these  food  items  in  the  adult  diet 
vary  with  locality,  season,  and  age  of  the  fish.  Small  gizzard  shad 
and  thread fin  shad  are  important  foods  of  adult  crappies  in  many  reser¬ 
ve!  rs . 

SO?.  Age  and  growth.  According  to  Carlander  (1977),  the  average 
calculated  total  lengths  of  white  crappies  at  ages  I  to  VT  from  all 
areas  of  the  United  States  are  78,  1?8,  213,  257,  290,  and  30U  mm. 
Average  weight  of  a  U-yeor-old  white  crappie  is  about  300  g. 

50b.  Growth  in  length  of  black  crappies  is  generally  less  than 
that  of  white  crappies  in  the  same  waters  (Pflieger  1975).  However, 
since  the  black  crappie  is  heavier  at  any  given  length  than  the  white 
crappie,  growth  in  weight  differs  little  between  the  two  species.  Few 
crappies  live  more  than  3  or  k  years,  hut  occasional  individuals  live 
as  long  as  8  or  9  years.  Maturity  is  reached  during  the  second  or 
third  summer  of  life. 

Crappies  in  tail waters 

507.  White  crappies  and  black  crappies  are  important  in  many 
tailwater  fisheries.  When  crappies  are  abundant  in  a  reservoir,  they 
are  often  carried  through  the  dam  and  remain  in  the  tailwater.  Crappie 
abundance  in  a  tailwater  appears  to  be  affected  by  water  temperature, 
season,  and  type  of  dam  discharge. 

508.  Crappies  are  often  abundant  in  warmwater  tailwaters  and  can 
contribute  substantially  to  the  fishery.  White  crappies  were  estimated 
to  make  up  56  percent  of  the  angler  catch  at  Lake  of  the  Ozarks 
tailwater,  Missouri,  in  1965-7^.  A  high  correlation  was  found  between 
estimated  number  of  fish  caught  and  the  number  of  days  the  flood  gates 
were  open  at  the  dam  (Hanson  1977).  Crappies  were  estimated  to  be  Ul 
an  i  percent  of  the  rmmber  and  35  and  hg  percent  of  the  weight  of  the 
fish  taken  by  sport  fishermen  during  warmwater  releases  at  Barren  and 

M  l  in  tailwaters,  Kentucky,  in  1970  and  1971  ( J.  P.  Carter  1968a; 

Carter  IQhp).  J.  P.  Carter  (1968a)  reported  that  before  reservoir 
construction  in  1°65,  crappie  populations  in  Barren  and  Nolin  rivers 


were  low  and  contributed  little  to  the  fishery.  He  attributed  the 
increase  in  abundance  after  impoundment  to  fish  that  were  produced  in 
the  reservoirs  and  moved  downstream  through  the  dam. 

509.  The  occurrence  of  fish  in  stilling  basins  below  warmwater 
release  dams  has  been  examined  in  two  studies:  Pfitzer  (1962)  col¬ 
lected  120,000  crappies  weighing  10,88*4  kg  from  1.0  ha  of  water  below 
Douglas  Dam  in  Tennessee  on  October  30,  1953;  Hall  and  Latta  (1951) 
stated  that  23  percent  of  the  fish  found  in  the  stilling  basin  below 
Winter  Dam,  Oklahoma,  in  August  were  white  crappies. 

510.  Several  investigators  have  reported  on  the  movement  and 
seasonal  changes  in  abundance  of  white  crappies  in  warm  tailwaters. 

At  Kentucky  Lake  tailwater  in  Kentucky,  3552  white  crappies  were 
captured,  tagged,  and  released  from  January  to  December  1953.  Anglers 
recaptured  113  fish  (3.2  percent)  of  which  95  (8*4  percent)  were  taken 
within  1.6  km  of  the  release  site  (Carter  1955a).  A  concurrent  tagging 
study  in  Kentucky  Lake  showed  little  movement  of  white  crappies  (on  the 
basis  of  recaptures  of  5  of  1752  marked  fish)  through  the  navigation 
locks  into  the  tailwater  (Carter  1955a).  Anglers  at  Lewis  and  Clark 
Reservoir  and  its  tailwater.  South  Dakota  and  Nebraska,  returned  *42 
tags  from  2 88  white  crappies  tagged  in  the  reservoir.  Of  these,  12 

(28  percent)  were  from  fish  captured  in  the  tailwater  (Walburg  et  al. 
1971).  White  crappies  were  abundant  in  the  tailwater  below  Lake  Carl 
Blackwell,  Oklahoma,  from  October  19**7  until  March  19*+8  because  flows 
were  stable  and  many  fish  escaped  from  the  reservoir.  Between 
November  and  January,  139  white  crappies  were  tagged  and  released  in 
the  tailwaters.  Most  tag  recoveries  were  reported  during  the  winter, 
and  were  made  in  the  tailwaters.  High  water  releases  from  the  reser¬ 
voir  during  March  1°18  apparently  caused  the  crappies  to  leave  the 
tailwater,  since  only  two  t.agged  fish  were  captured  during  the  subse¬ 
quent  spring  and  numim-r  (Cross  1950).  An  increase  in  crappie  abun¬ 
dance  during  fall  196'>  at  Barren  tailwater,  Kentucky,  was  associated 
with  the  fall  reservoir  drawdown  and  the  high  water  discharge  into  the 
tailwater  (J.  F.  Carter  1968b).  There  is  a  large  population  of  white 
crappies  and  black  crappies  in  Hoover  Reservoir,  Ohio,  and  many  young 


are  carried  over  the  spillway  and  info  the  tailwater  (Cavender  and 
Crunkilton  19y)t). 

711.  The  change  from  hypolimnetic  (coldwater)  to  epilimnetic 
(warm water)  retear.e  (or  vice  versa)  at  some  dams  has  affected  the 
abundance  of  er apples  in  (ailwaters.  At  Barren  tail  water,  Kentucky, 
ernppies  composed  1?.!(  and  11.6  percent  of  (he  catch  during  hypolim- 
net  i  c  releases  in  19bR  and  1^60,  but  1(1  and  Mi  percent  during  epilim- 
netic  releases,  in  1970  and  1971  (Charles  and  Mcl.eniore  197?).  The 
eon s( ruction  of  Table  Kook  Dam,  Missouri ,  changed  the  downstream  Lake 
Taneycono  from  a  warnwater  to  a  coldwater  habitat.  Test  netting  in 
Lake  i’aneyc.  -me  before  an!  after  the  coldwater  intrusion  showed  a 
reduction  in  white  crappie  abundance  from  o.7  to  0.9  fish  per  net  day 
( Fry  and  ilanson  1 06B) .  Apparently  the  cold  water  made  the  tailwater 
habitat  Jess  suitable  for  the  white  erappi  e. 

M7.  small  crappies  are  cerumen  forage  for  predatory  fish.  Combs 
(  1 97°) ,  who  studied  the  diet  of  ltd;  adult  striped  bass  eel  looted  from 
(he  tai  i water.*  of  Keystone  Pam ,  Oklahoma,  in  1 07 ^  through  1°76,  found 
that  frequency  of  occurrence  and  percentage  of  total  volume  of  white 
crappies  in  stomachs  was  10.';  and  r .  3  percent ,  respect  ivel.v.  Walburg 
et  al  .  ( i  97  L )  reported  'tie  ooeurror.ee  of  white  crappies  in  stomachs  of 
walleyes  and  saucers  collected  in  Low:  r.  and  Clark  tailwater,  Couth 
Dakota  and  iiebraska. 

713.  Do...  i  of  black  erappi  os  from  Holyoke  Dam  tailwater,  Massa¬ 

chusetts,  in  i  97.  eons  i  s  ted  mostly  of  spot,  tail  shiners  and  insects 
((9.-,  and  .’7.3  percent  of  total  food  volumes);  the  frequency  of  occur¬ 
rence  of  fish,  insects.,  and  coop  1  ankten  in  stomachs  was  Mi,  oR ,  and  1(7 
percent,  respect  i  voly  (Jefferies  1  r>'7  •  ( ) . 

!  h  .  Cindies  of  t  lie  growth  of  erappi  es  in  fa  i  .1  waters  lias  receiver 
i  i  (  *.l.o  at*  out. i  a:.  Carter  (  I9r'r,b)  reported  t  hat  white  crappies  in 
•vmt  uoky  hake  grew  faster  than  t  hose  in  the  tailwater.  Before 
ioep-wu  ■  et*  relear.es  from  a.  Missouri  reservoir  converted  the  downstream 
Lake  Tanoyeomo  info  a  coldwater  habitat'  in  l°r'9,  the  average  length  of 
.'.-year— >1  i  white  erappi  os  was  •: '3  mm,  but  after  the  change  in  1903,  it 
was  aily  711  mm  (Fry  and  Hanson  196,3). 
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515.  In  a  report  on  crappie  gonadal  development  in  tailwaters, 

5  of  Jh  white  erappies  collected  below  a  Tennessee  dam,  between  July  29 
and  September  1,  19^*1,  were  immature;  the  rest  were  ripe,  but  none  had 
spawned.  Apparently  the  cold  water  (<10°C)  had  disrupted  their  repro¬ 
ductive  cycle  (Eschmeyer  and  Smith  19*+3) . 

PercLdae  (Perches) 


516.  The  perch  family  is  one  of  the  largest  groups  of  North 
American  freshwater  fishes.  Among  them  are  three  popular  game  fishes — 
walleyes,  saugers,  and  yellow  perch — and  a  large  number  of  smaller 
fishes  known  collectively  as  darters.  The  three  game  fishes  are  repre¬ 
sented  in  Europe  by  the  same  or  closely  related  species.  The  darters 
are  native  only  to  North  America. 

5Vf.  The  closely  related  walleye  and  sauger  both  occur  in  rivers 
and  are  important  it.  some  tailwaters.  The  yellow  perch  is  most  often 
found  in  lakes  but  it  is  also  abundant  in  backwaters  of  large  rivers. 

It  is  seldom  found  in  small  streams  and  usually  does  not  occur  in 
tailwaters  and,  therefore,  is  not  discussed  further  here.  Darters  are 
adapted  for  life  in  swift-flowing  sections  of  clear,  rocky  streams  and 
are  common  inhabitants  of  many  tailwaters.  The  percids  are  discussed 
under  two  groups — (a)  walleyes  and  saugers,  and  (b)  darters. 

Walleyes  and  saugers 

518.  Habi tat .  Walleyes  and  saugers  inhabit  the  open  water  of 
large,  shallow  lakes  on  slow-flowing  rivers.  The  habitat  requirements 
of  the  two  species  are  similar,  except  that  the  sauger  is  more  tolerant 
of  hirh  turbidity  and  is  often  found  in  areas  with  strong  current.  The 
sauger  is  more  common  in  habitats  with  silted  bottoms,  whereas  walleyes 
prefer  habitats  with  gravel,  bedrock,  and  other  types  of  firm  bottom. 
Tubb  et  al .  (1965),  who  studied  fish  distribution  in  the  Sheyenne  River 
in  North  Dakota,  found  walleyes  in  pools  0.9  to  5*5  m  deep,  but  most 
commonly  in  pools  deeper  than  2. It  m. 
pool,  which  was  2.^  m  deep. 


The  sauger  was  taken  in  only  one 


919-  The  sauger  feeds  more  actively  during  the  day,  whereas  the 
walleye  is  more  crepuscular.  The  walleye  is  light-sensitive  and  is 
usually  found  in  deepwater  pools  during  the  day,  especially  when  water 
is  clear.  Both  generally  occur  in  loose  aggregations  of  a  few  to  many 
individuals.  They  range  over  a  wide  area,  rather  than  restricting 
activities  to  a  definite  home  range. 

520.  He  product  i  on .  Spawning  occurs  at  night  over  a  2-week  period 
in  the  spring  when  water  temperature  exceeds  5,6°C.  Spawning  is  com¬ 
monly  preceded  by  movements  out  of  larger  rivers  and  reservoirs  into 
tributaries,  the  males  moving  to  the  spawning  grounds  before  the 
females.  There  is  some  evidence  that  these  species  tend  to  return  to 
a  "home"  spawning  area  in  successive  years.  Spawning  occurs  on  riffles 
or  rocky  areas  below  dams  in  streams  and  along  rocky  waveswept 
shorelines  In  lakes  and  reservoirs.  Females  are  accompanied  by  several 
males  during  spawning,  and  eggs  are  scattered  at  random.  The  adhesive 
eggs  stick  to  the  substrate,  and  hatching  occurs  in  12  to  l8  days, 
depending  on  water  temperature.  Newly  hatched  larvae  are  semibuoyant, 
and  these  produced  in  si  reams  are  therefore  subject  to  downstream 
*.  ransport . 

921.  Food .  2::ti  1 1  crustaceans  and  insects  are  the  food  of  walleye 

and  sauger  fry.  Insects  are  a  significant  food  item  throughout  life, 
but  fish  are  the  principal  food  of  adults.  They  apparently  eat  any 
species  of  fish  readily  available  to  them. 

922.  Age  and  growth.  Tile  sauger  grows,  more  slowly  than  the 
walleye  and  does  not  attain  as  large  a  sine.  Fish  from  the  northern 
portion  of  the  range  grow  slower  and  live  longer  than  those  from  more 
s.rvuinern  waters.  Females  attain  greater  lengths  and  live  longer  than 
males.  Newly  hatched  larvae  of  both  species  are  only  about  7  to  8  mm 
in  length,  but  under  ideal  conditions  may  attain  lengths  up  to  2SU  mm 
by  the  end  of  the  first,  year.  Pt’lieger  (1979)  reported  that  the 
average  length  of  wnl l eyes  from  the  Current  River  in  Missouri  is  200  mm 
at  the  end  of  the  first  year  and  6l0  mm  at  the  end  of  the  seventh  year. 
The  usual  life  spaa  is  7  or  <'■  years,  but  much  older  individuals  are 
not  uncommon. 
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523.  Vasey  (1967)  reported  that  the  saugers  in  the  Mississippi 
River  in  Iowa  reach  a  length  of  1^5  nun  in  the  first  year  and  515  nun 
after  the  seventh  year.  The  usual  life  span  of  saugers  in  the  South 
is  5  or  6  years,  hut  some  live  to  12  or  more  years  in  Canadian  waters. 
Walleyes  and  saugers  in  tailwaters 

57k.  Walleyes  and  saugers  commonly  occur  in  tailwaters  below  dams 
in  many  river  systems.  Their  occurrence  is  often  seasonal,  caused  by 
the  blockage  of  upstream  migration  or  passage  downstream  from  the  reser 
voir  above.  Concentration  of  prey  fishes  attracts  walleyes  and  saugers 
to  tailwaters. 

525.  Walleye  numbers  have  increased  below  a  number  of  dams  in  the 
years  following  construction.  They  are  the  second  most  numerous 
species  in  East  Lynn  Lake  tailwater.  West  Virginia  (Pierce  1969).  They 
have  increased  in  abundance  in  Summersville  tailwater,  West  Virginia 
(Goodno  1975) ;  below  four  hydropower  impoundments  on  the  Au  Sable  River 
Michigan  (Richards  1976);  and  in  the  tailwater  below  Stockton 
hydropower  dam,  Missouri,  where  they  composed  2fi  percent  of  the  catch 
by  anglers  in  197k  as  compared  witli  only  9  percent  in  1977  (Hanson 
197M. 

5?6.  Saugers  are  highly  migratory,  moving  upstream  as  much  as 
330  km  in  ]N  days,  through  the  navigation  locks  in  the  Tennessee  Fiver 
main-stem  dams  (Cobb  i960) .  Blockage  of  upstream  migration  has  pro¬ 
vided  significant  winter  and  spring  fisheries  in  most,  warm  main-stem 
dam  tailwaters  and  in  some  eo'ld  tributary  dan  tailwaters  on  the 
Tennessee  River  system  (Pfi t.zer  1967).  An  estimated  fiP.,703  saugers 
were  caught  between  November  1959  and  March  i960  in  Pickwick  Dam 
tailwater  (Trenary  1962).  Cobb  (i960)  reported  there  was-  no  ranger 
fishery  in  the  Tennessee  River-  unt.il  the  main-stem  dams  w>>r<-  con¬ 
structed  . 

577.  The  sauger  fisheries  in  cold  tributary  tailwaters  of  the 
Tennessee  River  system  are  generally  smaller  than  those  hoi  w  the 
main-stem  dams .  Periodically  some  saugers  migrate  upstream  from  Watt.s 
Bar  Reservoir  and  congregate  in  the  cold  Norris  tailwater  (Esehmoyer 
I9M;  Kselimeyer  and  Manges  19'V>).  Large  numbers  "1'  saugers  were  also 
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caught  in  t.he  upper  1’3  kni  of  the  cold  Chilhowee  Dam  tailwater  on  the 
Little  Tennessee  Kiver.  In  1 9&1  and  1965,  most  were  taken  from 
December  t  ■  March  and  composed  l6  percent  of  the  creel.  In  the 
downst.re:im  portion  of  the  tailwater,  Ph  to  t8>  km  below  the  dam,  saugers 
were  less  abundant  than  In  tlie  immediate  tailwater,  but  constituted  80 
percent  of  the  anglers'  catch  (Boles  1 9^9). 

r'P8.  Passage  of  fish  over  dams  from  reservoirs  upstream  is  also 
important  in  establishing  walleye  and  sauger  fisheries  in  tailwaters. 

An  estimated  10,10.°  walleyes  passed  into  an  Ohio  tailwater  over  a  5- 
year  period  (Ambruster  L96,°).  A  large  percent.age  (*il’  percent)  died 
from  broken  backs  and  pressure  damage  while  passing  through  or  over  the 
dam,  but  r)R  percent  survived  passage  into  tlie  tailwater.  Of  tag  re¬ 
coveries  from  walleyes  tagged  in  the  reservoir,  30  percent  came  from 
the  tailwater.  Studies  on  the  Missouri  Kiver  have  shown  that  large 
numbers  of  young-of-the-year  walleyes  and  saugers — up  to  700,000  in 
°-!i  hours — moveii  out  of  Lewis  and  Clark  Lake,  South  Dakota  and  Nebraska, 
and  into  the  tai 1  water  (Walburg  1971).  Mark-and-recapture  studies 
indicated  that  some  adult  saugers  also  move  from  the  reservoir  into 
the  tailwater  (Walburg  et,  al  .  1.071).  Additionally,  the  tailwater 
walleye  fisheries,  in  Hoover  tailwater,  Ohio,  and  Canton  Reservoir 
tailwater,  Oklahoma,  are  the  result  of  the  export  of  fish  from  the 
reservoir  (Moser  and  Hicks  1970;  Cavendcr  and  Crunkilton  197*0.  A 
related  species,  the  Volga  pike-perch,  has  increased  in  the  Kuibyshev 
tailwater,  U.D.P.R.,  aft. or  successful  reproduction  in  the  reservoir 
(f.haronov  1980. 

r’,°°.  Other  factors,  including  water  depth  and  temperature,  affect 
tailwater  walleye  and  sauger  fisheries.  The  increase  in  water  depth  with 
a  probable  increase  in  water  temperature  in  the  lower  sections  of  Dale 

Hollow  tailwater,  Tennessee,  due  to  inundation  by  Cordell  Hull  Reser¬ 
voir,  was.  followed  by  the  appearance  of  both  walleyes  and  saugers 
(Hauer  1978).  Sport  fis.hing  success  for  walleyes  in  Lake  Taneycomo 
tailwater,  Missouri,  is  dependent,  on  t.he  water  level  of  Bull  Ohoals 
Reservoir,  which  inundates  the  tailwater.  Best  eatehes  occurred  when 
Bull  Ohoals  Reservoir  was  0.8  t.o  3.0  m  below  power  pool  level.  Catches 
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progressively  declined  when  water  level  r.  were  either  above  or  below 
this  ranpe  (Hanson  19t>9). 

‘>•10.  Water  temperatures  in  some  cold  tailwaters  have  had  a  nega¬ 
tive  effect,  on  walleye  populations.  Lowered  water  temperature  in  a 
North  Carolina  tail  water  eliminated  the  walleye  fishery  ( Dendy  and 
.'trend  10)|0).  1  ,ow  writer  temperature  in  Table  Rock  tail  water,  Missouri, 

has  also  affected  the  walleye  catch.  A  rapid  temperature  increase  of 
in  the  tail  water  due  to  flood  flows  spilling  over  tdie  dam  re¬ 
sulted  in  an  immediate  increase  in  feeding  activity  and  consequent 
increase  in  walleye  catefi  (Fry  1 ) . 

Ml.  Reproduction  of  saucers  has  been  adversely  affected  in  some 
cold  t.ni  1  waters.  Saucers  in  a  Tennes.see  t.ailwnter  have  shown  sifins  of 
resorb  i  nf  Tins  was  attributed  to  low  wafer  temrera  t  ures ,  which 

were  generally  loss  than  10.O°C  (Ksolimoyer  and  fmith  1 0).  s- )  . 

M;'.  Flow  refutation  can  influence  walleye  repreduet  i  on  hundreds 
of  ki  ! one t. res  d,>wnst  ream.  Reduced  winter  ft  vs  ft- mi  Rennet  t  Dam  on 
the  Peace-A!  habasca  River  in  Canada  allowed  trio  ir.le*  to  Lake  R  i  ciia  rdson 
to  froes.c,  i  Itereby  delaying  across,  of  walleyes  to  spawn  inf  areas  in  the 
spring  ( IVace-A  khabasea  Delta  Project  (Iran'  1°7P;  (leen  l  O'j’lj ) .  A  similar 
situation  was,  resorted  below  the  Vol  rofi’ad  ii.vdroe  1  eet  r  i  c  Pan,  F.f.P.K. 
Reduced  r.priti.c  flows,  caused  a  deterioration  of  pike- porch  spawtiiitr 
habitat  far  iownst ream  in  the  Vo  lft  River  Polta  on  the  Caspian  Pea 
(Orlova  and  Popova  197*')  • 

Ml.  Wat  or- level  fluctuations  in  tailwaters,  have  a  negative  in¬ 
fluence  ,'ii  saar.or  repr,  ■  ine‘  i  on  .  Year-class,  strength  in  Port  Randall 
Pa.m  t.ai  I  waters,  Couth.  Dakota,  was  1'  times  creator  in  years,  when  water 
levels,  fluctuated  only  O.P  m/day  than  in  years  when  fluctuations  were 
1.7  m/day  (Nelson  19oP).  Apparently ,  reduced  water-level  fluctuation 
resulted  in  ,->vater  survival  of  epf  r.  and  larvae.  To  increase  sauper 
abundance,  Walhutv  (197C)  recotranended  that,  water  releases  from  Fort 
Randall  Dam  be  not  less  than  '>W>  tn  7r.ee  during  the  spawn  i  nr  and  off 
i  neuhat  i ,  n  per  i .  i . 

'  v, .  Walleyes  have  been  stocked  in  some  tailwaters  where  natural 
reproduc  t  i  on  does  not  occur.  A  km  stretch  of  river  below  the 
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Boysen  Unit  Dam,  Wyoming,  has  provided  a  good  walleye  fishery  as  a 
result  of  stocking  (U.  S.  Bureau  of  Sports  Fisheries  and  Wildlife 
1969).  Hicks  (196*4)  recommended  stocking  walleye  fingerlings  instead 
of  walleye  fry  in  Tenkiller  tailwater,  Oklahoma,  because  of  unsuitable 
zooplankton  supplies  caused  by  intermittent  water  releases.  The  recom¬ 
mended  stocking  of  fingerlings  was  apparently  successful,  since  both 
walleyes  and  saugers  now  occur  in  the  tailwater  (Deppert  1978). 

535-  Food  habits  and  growth  of  walleyes  and  saugers  in  tailwaters 
are  not  well  documented.  An  examination  of  six  walleyes  collected  from 
Holyoke  Dam  tailwater,  Massachusetts,  showed  that  fish  made  up  96  per¬ 
cent  of  the  total  volume  of  food  in  stomachs  (Jefferies  197*0-  Saugers 
in  Chilhowee  tailwater,  Tennessee,  preyed  heavily  on  stocked  rainbow 
trout,  during  the  spring  spawning  run  (Boles  1969).  Food  of  walleyes 
and  saugers  from  Levis  and  Clark  tailwaters.  South  Dakota  and  Nebraska, 
consisted  primarily  of  gizzard  shad,  emerald  shiners,  yellow  perch, 
white  bass,  and  white  erappies  (Walburg  et  al .  1971).  The  growl. h  of 
walleyes  and  saugers  in  Lewis  and  Clark  Lake  tailwater  was  superior 
to  that,  in  the  reservoir;  for  fish  of  similar  lengths,  the  weights  of 
walleyes  and  saugers  were  respectively  7  and  IT’  percent  greater  in 
the  tailwater. 

Darters 

536.  According  to  Bailey  et  al .  (1970),  109  species  of  darters 
are  found  in  the  United  States  and  Canada.  Comparatively  few  are 
mentioned  in  the  tailwater  literature.  A  general  description  of 
darter  life  history  is  presented  because  of  the  large  number  of 
spec  i  or. . 

537.  Habitat .  Most  darters  are  found  in  clear,  small-  to  medium¬ 
sized  streams  with  permanent  flow  and  clean,  gravelly,  or  rocky  bottoms. 
They  are  most  often  found  in  the  deeper  sections  of  riffles,  but  also 
occur  in  rocky  pools  having  no  perceptible  current.  Some  species  are 
more  tolerant  to  turbidity  than  others.  The  young  of  most  species  can 
Vie  found  in  qui  et -water  areas  associated  with  leaves,  sticks,  and 
organic  debris. 


53ft.  Darters  are  adapted  for  life  in  swift-flowing  streams. 

They  sink  immediately  to  the  bottom  when  they  stop  swimming,  and  the 
press  of  the  current  against  their  enlarged  pectoral  fins  tends  to  hold 
t diem  in  place.  Darters  are  usually  found  beneath  or  between  rocks  and 
are  thus  afforded  protection  from  the  direct  action  of  the  current. 

When  moving  from  place  to  place,  they  proceed  by  a  series  of  short 
darts . 

539.  Reproduction .  Most  darters  usually  spawn  in  late  spring 
over  a  sand  or  gravel  bottom  in  water  about  0.3  m  deep  having  moderate 
current.  Eggs  are  laid  and  fertilized  in  a  depression  on  the  stream 
bottom,  where  they  hatch  in  about  91  days  at  91°C.  Eggs  and  larvae 
receive  no  parental  protection. 

‘>•*0.  Some  darter  species  attach  eggs  to  strands  of  filamentous 
algae  or  aquatic  mosses  and  males  establish  territories.  Breeding 
males  of  still  other  species  seek  out  and  occupy  cavities  beneath 
rocks.  Ripe  females,  enter  Idle  cavity  and  deposit  their  eggs,  where 
they  adhere  to  the  underside  of  the  rock.  The  male  stays  with  the 
eggs  until  they  hutch. 

'}hl .  Food .  Darters  arc  carnivorous,  feeding  principally  on 
insects  and  other  small  aquatic  invertebrates. 

5^*9.  Age  and  growth.  Lengths  of  adult  darters  other  than 
lognerch  usually  range  from  6L  to  89  mm,  with  a  maximum  of  about  100 
mm.  Males  grow  more  rapidly  and  attain  a  larger  size  than  females. 

Most  are  mature  in  the  first  spring  after  hatching  and  few  live  longer 
than  3  year:;.  The  logperch,  the  largest  darter,  usually  ranges  in 
length  from  109  to  1 S9  mm,  but  sometimes  attains  17ft  mm. 

Darters  in  tail  waters 

5^3.  Darters  have  not  been  studied  extensively  in  t.ailwaters. 

They  flourish  in  a  variety  of  environments,  and  some  have  become 
••st ab I i shed  in  cold  tailwaters.  Many  darter  species,  particularly 
the  orangothroat  darter,  rainbow  darter,  and  logperch,  are  abundant 
in  Reaver  tail  water,  Arkansas  (Brown  et  al .  196ft;  Bacon  et  al  .  1069; 
Hoffman  and  Ki Iambi  1970).  Their  abundance  may  be  due  to  the  unstable 
composition  «>r  the  f  i  sh  population  in  this  relatively  new  t.ailwater. 


Darter  numbers  are  reduced  in  older  tailwaters  in  the  same  drainage 
(Brown  et  al .  1968;  Hoffman  and  Kilambi  1970). 

9^'*.  The  relatively  low  water  temperatures  ( lh  .  U— 21 . 7°C  ) ,  low 
turbi(ii ties ,  mixed  gravel-bedrock  substrates,  and  high  dissolved  oxygen 
levels  in  Hoover  tailwater,  Ohio,  provide  excellent  habitat  for  some 
darter  species.  The  logperch,  greenside  darter,  rainbow  darter,  and 
banded  darter  are  all  abundant,  and  the  blackside  darter,  johnny  darter, 
and  fantail  darter  also  occur  there  (Cavender  and  Crunkilton  197M  • 

9^9.  The  logperch,  gilt  darter,  and  banded  darter  were  all  abun¬ 
dant.  in  the  cold  Chilhowee  tailwater  in  Tennessee.  The  logperch  was 
also  numerous  in  the  cold  Norris  tailwater  (Hill  1978).  The  tessellated 
darter  was  dominant  in  the  cold  Rocky  Gorge  Dam  tailwater,  Maryland 
(Tsai  1977).  The  urangethroat  darter  was  the  second  most  abundant 
species  in  the  cold  tailwater  below  Canyon  Dam,  Texas.  The  reduced 
temperatures  in  this  tailwater  appear  to  have  extended  the  winter  and 
spring  breeding  season  of  this  species,  and  reproduction  now  occurs 
throughout  the  year  (Edwards  1978). 

9 1(6.  Only  one  report  on  the  age  and  growth  of  darters  in 
tailwaters  was  found.  Tsai  (1977),  who  studied  the  tessellated  darter 
in  Rocky  Gorge  Dam  tailwater  in  1967,  found  that  the  mean  standard 
lengths,  of  females  at  ages  T,  IT,  and  III  were  39,  ^7,  anil  99  mm; 
males  were  77  mtn  long  at  age  I  and  90  mm  at  age  IT. 
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Sciaenidae  (Drums) 


SW.  The  drum  family  contains  many  important  marine  fishes;  only 
ntii'  is  a  freshwater  species,  the  freshwater  drum. 

Kreshwator  drum 

‘jhS.  Habitat .  This  fish  is  found  in  large,  shallow  lakes  and 
large,  slow-moving  rivers.  It  is  usually  found  in  the  larger  pools  of 
streams  and  .in  lakes  and  reservoirs  at.  depths  of  9.0  m  or  more.  The 
freshwater  drum  avoids  strong  current,  is  usually  found  near  the  bottom, 
and  is  tolerant  of  high  turbidity.  It  is  particularly  common  in  the 
Missouri  and  Mississippi  rivers  and  the  downstream  sections  of  t.hei r 
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major  tributaries.  It  is  also  common  in  Lake  Erie  and  in  many  reser¬ 
voirs. 

5^9  •  Reproduction.  Spawning  of  the  freshwater  drum  occurs  in 
late  spring  or  early  summer,  when  water  temperatures  reach  about  18°C. 
Spawning  occurs  over  a  period  of  about  6  weeks  (Swedberg  and  Walburg 

1970) .  Eggs  are  fertilized  in  the  open  water  and  float  until  hatching. 
They  hatch  in  about  36  hours  at  21°C;  newly  hatched  larvae  are  3.2  mm 
long.  The  larvae  are  semi  pelagic  until  they  are  at  least  15  mm  long. 

The  wide  distribution  of  the  freshwater  drum  in  flowing-water  systems 
is  related  to  the  pelagic  state  of  their  eggs  and  larvae. 

550.  Food .  The  diet  of  freshwater  drum  consists  mainly  of  fish, 
crayfish,  and  immature  aquatic  insects;  mollusks  are  eaten  if  available. 
Young  of  tile  year  eat  mostly  zooplankton  and  ehironomids;  as  fish  in¬ 
crease  in  size,  larger  aquatic  insects  become  important. 

551.  Age  and  growth.  In  Missouri  streams,  freshwater  drum 
average  112  mm  in  length  by  the  end  of  the  first  year  of  life  and  206, 
2o9,  315,  353,  and  378  mm  in  succeeding  years  (Purkett  1958b).  On  the 
average,  a  330-mm  fish  weighs  about  H 50  g  and  a  iiOO-mm  fish  about  900 
g.  Most  drum  caught  by  fishermen  weigh  900  g  or  less,  but  individuals 
weighing  up  to  15.9  kg  are  occasionally  taken.  The  maximum  life  span 
is  at  least  13  years. 

Freshwater  drum  in  tailwators 

552.  The  role  of  freshwater  drum  in  tail  waters  has  not  been 
studied  extensively.  Several  reports  deal  with  their  occurrence  in 
warm  and  cold  tail waters.  They  are  relatively  common  in  the  warm 
Keystone  Dam  tailwater,  Oklahoma,  where  they  are  eaten  by  striped 
bass  (Combs  1979).  They  are  abundant  in  Lewis  and  Clark  Lake,  a 
main-stem  Missouri  River  reservoir  on  the  Couth  Dakota-Nebraska 
border,  and  large  numbers  of  young  of  the  year  less  than  25  mm  long 
pass  into  the  tailwater  with  the  discharge  during  the  summer  (Walburg 

1971) .  In  spite  of  the  large  numbers  of  young  lost  from  the  reservoir, 
adults  are  relatively  uncommon  in  this  warm  tailwater  (Walburg  et  al. 
197l).  Apparently  few  of  the  young  carried  downstream  in  the  river 
flow  later  return  to  the  tailwater.  Freshwater  drum  made  up  10  percent 
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of  the  total  sport  catch  in  the  cool  Pomme  de  Terre  tailwater,  Missouri, 
from  1965  through  197^  (Hanson  1977).  They  were  also  common  in  the 
cold  Tenkiller  Dam  tailwater,  Oklahoma  (Deppert  1978).  The  numbers  of 
freshwater  drum  in  a  Missouri  tailwater  have  declined  in  recent  years 
because  water  temperatures  have  decreased  since  completion  of  the 
upstream  dam  (Hanson  1969). 


Cottidae  (Sculpins) 

953.  The  sculpins  are  bottom-living,  primarily  marine  fishes,  of 
arctic  and  temperate  seas;  several  genera  are  found  in  fresh  waters  of 
the  northern  hemisphere.  This  discussion  will  be  limited  to  the 
mottled  and  banded  sculpins,  which  occur  in  some  streams. 

Sculpins 

55^.  Habitat .  The  two  seulpin  species  often  occtir  together 
because  their  requirements  are  similar.  The  mottled  seulpin  is  usually 
found  in  streams  with  clear,  cold  water,  in  both  riffles  and  pools  with 
bottom  types  ranging  from  silt  to  gravel  and  rock.  Generally,  it  is 
most  abundant,  in  cover  such  as  coarse  rock  or  thick  growths  of  water¬ 
cress.  The  banded  seulpin  tolerat.es  higher  temperatures  than  the 
mottled  seulpin  and  is  the  more  abundant  of  the  two  in  larger  and 
warmer  s' reams.  JVulpins  live  on  the  bottom,  spending  considerable 
time  lying  motionless  in  one  spot  and  moving  in  short,  quick  dashes. 

555.  Reproduc t.ion .  The  mottled  seulpin  spawns  in  the  spring  when 
water  temperature  reaches  about  10°C.  The  adhesive  eggs  are  deposited 
in  clusters  of  about.  POO  on  the  undersides  of  stones.  The  incubation 
period  is  1  to  1  weeks  and  the  male  remains  near  the  nest  until  the 
fry  disperse. 

558.  Food .  Larval  aquatic  insects  are  the  main  diet  of  sculpins. 
Cottids  are  predaceous,  but  they  do  not  feed  extensively  on  eggs  and 
young  of  trout,  as  is  sometimes  claimed  (Pflieger  1975). 

557.  Age  and  growth.  The  mottled  seulpin  is  Pfi  to  36  mm  long 
when  one  year  old.  It  probably  does  not  mature  until  its  third  or 
fourth,  summer  of  life.  Adults  are  commonly  60  to  90  mm  long  and  the 
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maximum  is  about  115  mm.  The  banded  scuplin  is  somewhat  larger.  Adults 
are  commonly  65  to  130  mm  long  and  the  maximum  is  185  mm  or  more. 
Sculpins  in  tailwaters 


558.  Sculpins  have  not  been  extensively  studied  in  tailwaters, 
although  they  are  numerous  in  some  cold  tailwaters.  Pfitzer  (1962) 
noted  that  sculpins  became  important  as  forage  in  many  cold  tailwaters 
of  the  Tennessee  Valley  when  the  number  of  minnow  species  declined. 

Both  the  banded  sculpin  and  mottled  sculpin  have  become  numerous  in 
Chilhowee  tailwater,  Norris  tailwater,  and  Apalachia  tailwater  (Hill 
1978).  The  mottled  sculp  in  is  the  most  abundant  species  in  both  the 
Nor fork  and  Bull  Shoals  tailwaters  in  Arkansas  (Brown  1967 ;  Hoffman  and 
Kilambi  1970).  Sculpins  are  also  abundant  in  the  McKenzie  River  System, 
Oregon,  where  they  are  found  in  the  cold  tailwaters  of  four  hydropower 
facilities  and  one  flood-control  dam  (Hutchison  et  al .  1966). 

559.  Cottids  are  not  found  in  all  tailwaters.  The  mottled 
sculpin  has  disappeared  below  four  hydropower  dams  on  the  Au  Sable 
River,  Michigan  (Richards  1976),  anti  were  rarely  collected  during  1966 
studies  in  the  cold  Beaver  tailwater,  Arkansas  (Brown  1.967 )  . 

560.  Sculpins  are  highly  susceptible  to  stranding  during  large 
water  fluctuations  because  of  their  sedentary  behavior.  A  total  of  55 
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sculpins  were  found  stranded  in  three  O.Rp-m'  sections  of  the  tailwater 
below  a  Wyoming  d:un.  It  was  recommended  that  flow  decreases  not  exceed 
.'.8  m  /see/day,  to  allow  for  fish  migration  out  of  the  area  (Kroger 
1973). 

r>6l.  Overall,  reductions  in  flow  do  not  appear  to  affect  sculpin 
survival.  The  piute  sculpin  (formerly  eagle  sculpin)  is  one  of  the 
surviving  native  species  in  the  Granby  Dam  tailwater,  Colorado,  in 
spite  of  large  flow  reductions. 

56c.  Oculpinn  appear  to  reproduce  successfully  in  a  number  of 
tailwaters.  The  banded  sculpin  was  the  only  fish  species  able  to 
reproduce  in  the  cold  Dale  Hollow  tailwater,  Tennessee;  no  young  of 
the  year  other  than  sculpins  were  observed  (Little  1967).  The  partial 
inundation  of  a  tailwater  by  a  downstream  reservoir  beginning  in  about 


1970  seriously  reduced  the  abundance  of  the  banded  sculpin,  and  the 
species  is  now  infrequently  collected  (Bauer  1976). 

The  food  habits  of  sculpins  i n  tailwaters  are  not  well 
known.  The  common  bullhead,  a  cottid  which  occurs  in  Cow  Green 
tailwater  on  the  Tees  River,  United  Kingdom,  exhibited  a  feeding  shift 
following  impoundment  of  the  reservoir.  The  reduction  of  Plecoptera 
caused  the  adults  to  begin  feeding  on  mollusks,  and  the  fry  shifted 
to  Diptera  and  Ephemeroptera  (Crisp  et  al.  197$).  The  food  of  the 
banded  sculpin  in  Dale  Hollow  tailwater,  prior  to  inundation  by  the 
downstream  Cordell  Hull  Reservoir,  consisted  of  Diptera,  Coleoptera, 
Isopoda,  crayfish,  and  small  trout.  The  sculpins  did  not  eat  Cladocera, 
which  were  abundant  in  the  reservoir  discharge  (Little  1967). 
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PART  VIII:  CONCLUSIONS 


56^.  The  construct, inn  of  an  impoundment  alters  the  biological, 
chemical,  and  physical  characteristics  of  the  stream  environment  below 
the  reservoir.  Many  of  the  biological  changes  are  a  direct  result  of 
dam  construction,  and  include  blockage  of  upstream  fish  migration, 
inundation  of  spawning  grounds,  and  the  interruption  of  downstream 
invertebrate  drift.  In  addition,  the  tailwater  biota  is  influenced  by 
the  characteristics  of  the  impoundment  and  the  faunal  and  geomorphic 
characteristics  of  the  pre impoundment  stream. 

565.  Physical  and  chemical  characteristics  in  the  tailwater  are 
primarily  determined  by  the  volume  and  timing  of  water  released  and  by 
the  depth  from  which  water  is  withdrawn  from  the  reservoir.  The  effects 
of  these  releases  are  further  modified  within  the  tailwater  by  inflows 
from  downstream  tributaries  and  groundwater,  riparian  vegetation, 
atmospheric  conditions,  and  physical  characteristics  of  the  streambed. 
The  tailwater  biota  reflects  interactions  between  the  native  or  intro¬ 
duced  organisms  and  the  physical  and  chemical  conditions  in  the 
tailwater . 


Effects  of  Hypolimnetic  Release  on  Downstream  Biota 

d66.  The  depth  of  the  discharge  is  of  primary  importance  in  deter¬ 
mining  the  tailwater  environment  below  stratified  reservoirs.  The 
release  depth  affects  water  temperatures,  dissolved  gas  concentrations, 
nutrients,  turbidity,  and  the  presence  of  toxic  concentrations  of  some 
dissolved  substances  in  the  tailwater.  These  factors  have  a  profound 
effect  on  the  tailwater  biota. 

567.  Maximum  and  average  water  temperatures  are  generally  colder 
in  the  tailwater  below  a  hypolimnetic  release  reservoir  than  in  the 
unimpounded  stream.  The  effects  of  these  coldwater  releases  are  similar 
on  both  warmwater  and  coldwater  streams  but  are  more  severe  for  the 
warmwator  streams.  The  reduced  water  temperatures  may  fall  below  the 
tolerance  levels  of  certain  native  species  of  invertebrates  and  fish. 
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Lowered  water  temperature  can  increase  the  competition  between  native 
species  and  introduced  organisms  adapted  to  the  colder  environment. 

The  result  may  be  the  loss  of  some  native  species  from  the  tailwater. 

568.  A  change  in  the  seasonal  water  temperature  pattern  also 
occurs  in  tailwaters.  Water  in  hypolimnetic  discharges  is  colder  than 
that  in  the  unimpounded  stream  during  the  summer  and  warmer  during  the 
winter.  Delays  in  spring  warming  because  of  cold  hypolimnetic  releases 
may  alter  the  reproduction,  hatching,  emergence,  and  development  of 
many  invertebrates  and  fish.  The  altered  temperature  regimes  may 
disrupt  the  life  cycles  of  some  insect  species  and  cause  them  to  emerge 
during  the  winter  or  prevent  them  from  hatching  in  the  spring.  Some 
fishes  may  not  reproduce  because  the  cold  water  disrupts  their  physio¬ 
logical  development  and  eliminates  the  temperature  stimulus  to  spawn. 
Some  may  spawn  several  weeks  late,  retarding  egg  and  larval  development. 
The  smaller  young  are  subject  to  more  intense  interspecific  competition 
and  reduced  over-winter  survival. 

569.  The  temperature  of  cold  tailwaters  below  hypolimnetic  release 
dams  built  on  warmwater  streams  eventually  returns  to  ambient  as  waters 
proceed  downstream.  The  biota  in  the  downstream  section  closely  re¬ 
sembles  that  in  the  natural  unirapounded  stream.  A  transitional  zone 
may  exist  between  the  cold  tailwater  and  the  warm  downstream  river  that 
may  not  be  readily  inhabited  by  either  coldwater  or  warmwater  organisms. 
This  transitional  zone  is  often  larger  than  the  immediate  tailwater 
(Hulsey  1959). 

570.  Hypolimnetic  releases  into  coldwater  streams  generally  do 
not  have  a  drastic  effect  on  the  stream  biota.  Water  temperatures  in 
these  tailwaters  generally  remain  within  the  tolerance  levels  of  the 
coldwater  organisms  that  inhabited  the  original  stream.  Temperatures 
may  sometimes  be  reduced  below  the  tolerance  level  of  certain  organisms 
which  may  disappear  from  the  immediate  tailwater.  This  situation  may 
also  result  in  some  redistribution  of  insects  and  fish.  For  example, 
chironomids  and  simuliids  have  replaced  most  other  insect  species,  and 
brook  trout  have  replaced  rainbow  and  brown  trout  in  some  tailwaters. 
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571.  The  volume  of  cold,  hypolimnetic  water  stored  in  the  reser¬ 
voir  and  the  loss  of  daily  temperature  fluctuations  in  the  tailwater 
affects  downstream  "biota.  Some  reservoirs  lack  sufficient  storage 
capacity  of  cold,  hypolimnetic  water  to  maintain  coldwater  releases 
throughout  the  summer  and  fall.  Inadequate  storage  capacity  may  result 
in  the  change  from  a  coldwater  to  a  warmwater  tailwater  during  the 
latter  part  of  the  summer.  This  change  significantly  affects  the 
tailwater  biota,  since  coldwater  organisms  cannot  survive  in  the  warm 
wafers  of  late  summer  and  warmwater  organisms  cannot  reproduce  or  grow 
in  the  cold  waters  which  occurred  earlier  in  the  year. 

577.  The  loss  of  diurnal  fluctuations  in  water  temperature  may 
remove  the  temperature  stimulus  necessary  for  normal  progression  of 
i  nvei’t  ebra:  e  life  processes.  Some  invertebrates  may  disappear  but 
other  be1,  •  er  adapted  species  usually  replace  them.  Invertebrate  popu¬ 
lation.:-  in  these  stressed  environments  often  display  low  diversities 
an  i  high  Jens  i  *.  i  or- . 

57'.  Low  dissolved  oxygen  concentrations  in  tai lvaters  below 
stratified  deep-release  reservoirs  may  cause  physiological  stress  in 
the  aquatic  community  and  limit  fish  and  invertebrate  diversity.  Bio¬ 
logical  decomposition  in  the  hypolimnion  of  some  reservoirs  during  the 
summer  eliminates  most  of  the  dissolved  oxygen  and  results  in  the  re¬ 
lease  of  deoxygenated  water.  If  insufficient  reaeration  occurs  in  the 
outlet,  works,  invertebrates  may  enter  the  drift  and  fish  may  actively 
migrate  downstream.  In  extreme  cases,  lack  of  adequate  dissolved 
oxygen  has  been  responsible  for  the  die-off  of  fish  in  aailwaters.  In 
most  tailwaters,  however,  turbulent  flow  over  riffles  rapidly  increases 
the  dissolved  oxygen  concentration  as  the  water  proceeds  downstream. 

571+.  nut  rients  which  enter  a  reservoir  may  be  used  by  the  reser¬ 
voir  phytoplankton  or  may  settle  into  the  hypolimnion.  The  dissolved 
nutrients  which  accumulate'  in  the  hypolimnion,  either  as  a  result  of 
Mi-1  decomposition  of  organic  matter  or  directly  from  the  watershed,  are 
flushed  into  the  tailwater  during  release  of  hypolimnetic  water  and  may 
enhance  primary  productivity  in  the  tailwaters.  The  additional  nutri- 
eri'.r.  may  increase  peri  phytic  algal  production  in  the  tailwater  and. 
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consequently,  increase  the  numbers  of  invertebrates  feeding  on  or 
living  in  the  algae. 

r>75-  Toxic  levels  of  reduced  substances,  including  iron,  manga¬ 
nese,  hydrogen  sulfide,  and  ammonia,  may  be  formed  in  the  hypolimnion 
of  a  reservoir  during  low  oxygen  conditions.  It  is  possible  for  these 
substances  to  be  released  into  the  tailwater  at  levels  which  may  stress 
both  the  i nvertebrate  and  fish  populations. 

57  f>.  Turbidity  is  usually  reduced  in  tailwater s  below  deep-release 
dams  and  organisms  which  are  adapted  to  turbid  waters  may  be  at  a 
competitive  disadvantage.  For  example,  reduced  turbidity  favors  trout 
and  other  dear-water  species  over  rough  fish.  In  some  instances, 
however,  turbid  inflows  move  through  the  reservoir  as  a  density  current 
ana  are  released  into  the  tailwater. 

Kffects  of  Epi limnetic  Release  on  Downstream  Biota 

RY 7.  Reservoirs,  with  epiiimnetio  releases  a-e  generally  less 
disruptive  to  tailwater  biota  than  are  those  with  hypo! imneti c  releases. 
Warmwater  si re:uns  arc  subject  to  only  minor  temperature  changes  as  a 
result  of  the  construction  of  an  epi limnetic  release  reservoir .  The 
water  temperature  ■  the  discharge  is  usually  within  the  tolerance 
limits  of  the  native  warmwater  stream  species  and  does  not  affect  their 
survival.  Additionally,  some  species  of  fish  and  invertebrates  may  be 
transported  out.  of  the  reservoir  and  added  to  the  tailwater  biota.  Fish 
common  in  the  reservoir  often  predominate  in  the  tailwater.  Epi limnetic 
discharge  from  a  dam  built  on  a  coldwater  stream  usually  has  a  higher 
summer  and  autumn  temperature  than  the  original  stream.  The  warmer 
discharges  may  cause  changes  in  the  biota  of  the  tailwater.  Coldwater 
species  (plecopterans  and  trout)  may  be  eliminated  by  temperatures 
exceeding  their  tolerance  levels.  Elevated  temperatures  also  may  allow 
rough  fish  (  -arp  r.nd  suckers)  to  outeompeto  many  of  the  native  or  intro¬ 
duced  aperies  (trout). 

h7”.  !,ow  dissolved  oxygen  concent,  rat  ions  rarely  limit  the  biota 
below  surface— re l ease  reservoirs.  Hi rh  levels  of  photosynthesis  in 


the  reservoir  epiliranion,  gas  exchange  during  passage  of  water  from 
the  reservoir,  and  downstream  turbulent  flow  all  increase  concentra¬ 
tions  of  dissolved  oxygen  in  the  tailwater.  Toxic  concentrations  of 
iron,  manganese,  and  hydrogen  sulfide  are  rarely  encountered  since 
these  materials  are  products  of  anoxic  conditions  in  the  hypolimnion. 

579-  Spillway  releases  from  high  dams,  particularly  in  years  of 
high  flow,  can  cause  gas  super saturation  in  tailwaters  and  result  in 
mortality  to  fish  and  invertebrates.  Low  downstream  temperatures  and 
a  laminar  flow  inhibits  the  dissipation  of  the  dissolved  gases  back 
to  the  atmosphere.  Gas  supersaturation  has  been  noted  in  the  tail- 
water  below  a  dam  on  a  warmwater  stream  in  the  central  United  States, 
but  the  problem  is  most  common  at  high  dams  on  the  larger  rivers  of 
the  Pacific  Northwest.  Nitrogen  supersaturation  and  nitrogen  em- 
:  .ism  generally  do  not  occur  at  lowhead  dams. 

>80.  Epilimnetic  discharges  are  generally  low  in  dissolved 
nutrients,  since  particles  (algae,  suspended  material)  containing 
or  sorbing  nutrients  settle  into  the  hypolimnion.  This  loss  of 
nutrients  results  in  reduced  primary  productivity  in  the  immediate 
tailwater.  However,  the  export  of  insects,  phytoplankton  and  zoo¬ 
plankton  from  the  reservoir  often  compensates  for  this  reduction. 

The  exported  organisms  are  often  used  as  food  and  may  increase  the 
numbers  of  fish  congregating  below  the  dam.  Many  of  the  inverte¬ 
brates  may  flourish  below  surface-release  reservoirs  because  of  the 
export  of  plankton  and  other  suspended  organic  matter  from  the 
reservoir. 

581.  Many  reservoir  fish  move  into  the  tailwater  either  through 
the  turbines  or  over  the  spillway.  Tailwater  populations  of  shad, 
sunfishes,  suckers,  pikes,  and  some  percids  may  be  maintained  through 
export  from  the  reservoir.  In  addition,  native  stream  fishes  often 
concentrate  here,  and  consequently  sport  fishing  in  tailwaters  is 
sometimes  excellent.  Tailwater  fisheries  are  most  successful  in  spring 
and  early  summer  because  of  migrations  related  to  spawning.  Sustained 
low  flows  adversely  affect  fishing  success. 


Effects  of  Water  Release  Patterns  on  Downstream  biota 


The  timing  and  volume  of  water  released  from  a  dam  may 
severely  limit  or  enhance  the  tailwater  biota.  Changes  in  the  flow 
patterns  after  dun  construction  include  seasonally  stabilized  flows, 
sustained  high  flows  (with  reduced  peak  flows)  during  high  water 
per i  minimum  flows  during  dry  periods,  and  diel  fluctuating  flows 

below  hydropower  facilities.  The  effect  of  these  flow  changes  on  the 
bio!  a  may,  h.  -wt-ver ,  be  masked  by  other  factors  such  as  temperature, 
dissolved  oxygen ,  and  toxic  levels  of  reduced  substances. 

The  t.ailwa  tors  l».  l  w  most  nonhydropower  reservoirs  have  a 
more  stable  annual  flow  regime  than  that  in  unitnpounded  streams.  The 
stabilized  flows  that  result  from  both  a  reduction  in  the  intensity  6f 
floods  and  the  maintenance  of  flows  during  low-water  periods  provide  a 
less  variable  habitat.  Dense  algal  mat.-,  .  .ft.en  associated  with  stabi¬ 
lized  flows,  may  inhibit  the  pr  -duet  i.  u  >ro  native  invertebrate 

species  that  prefer  rock  subst  rates,  H  -wcvr,  ‘  he  ad  ii  *  icnal  habitat 
and  food  supply  provided  by  t.hc  alga,:  mats  gercra  i  !  y  attract  new  inver¬ 
tebrate  taxa  tint  become  an  imp. .riant  mart  f  ;  i.o  f.-od  web,  but  species 
feeding  on  al  .loehthouous  materia]  bee. me  loss  •lbut.d.ant. .  denting  fishes 
may  reproduce  more  successfully  in  a  stubi  1  i  1  tai  I  water,  fit  able 
flows  may,  however,  le  detrimental  to  f ;  rh  ‘  ha  *  feu-ire  moderate  flow 
variation  to  initiate  spawning  activities. 

(5 Bit .  The  effect,:-,  of  high  flews  ( floods)  in  natural  streams  have 
been  described  by  several  aut  hors  (Tacs.vci  .1  !  0  v? ;  g.eegrist  and  Card 
1979;  Ryck  1°76).  high  flews  in  tai  ’.waters  are  generally  loss  intense 
than  in  unaltered  streams  but  are  continued  over  a  1  ■  'tiger  time.  The 
effect, s  ,«f  hi  rh  flows  on  tailwater  f  i  shes  are  partly  dependent  on  the 
»  ai i water  physiography,  i f  the  tai 1 water  has  deep  pools,  sufficient 
■  •oyer,  1  a-  backwater  areas  for  fish  shelter,  high  flows  are  less  detri - 
i-»r.:~a  1  I,  fish  populations  than  if  the  tailwater  lias  lit, tie  physical 
variability.  High  flows  during  the  reproductive  period  of  fish  can 
scour  t.iie  stream  bottom  and  destroy  the  eggs  and  larvae  and  reduce 
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reproductive  success,  especially  in  unsheltered  areas.  Increased 
discharges  may  cause  catastrophic  drift  of  benthos,  causing  a  sub¬ 
stantial  decrease  in  benthic  standing  crops.  High  flows  can  be  bene¬ 
ficial  in  some  tailwaters  as  they  flush  sediment  from  the  interstices 
of  the  rubble  substrate  and  supply  food  and  oxygen  to  benthic 
invertebrates . 

S85.  Fall  drawdown  of  flood  control  reservoirs  increases  flows 
into  the  tailwater.  This  drawdown  usually  occurs  after  reservoir  de- 
stratification,  when  fish  and  other  organisms  are  more  evenly  distri¬ 
buted  within  the  reservoir.  Many  young-of-the-year  and  older  fish  may 
be  lost  from  the  reservoir  during  this  time,  causing  an  increased 
abundance  in  the  tailwaters.  The  effects  of  the  increased  flows  on  the 
resident  stream  fishes  in  the  tailwater,  both  during  the  reservoir 
drawdown  and  for  sustained  periods  after  flood  flows,  are  largely 
unknown.  The  increased  flows  may  initially  produce  catastrophic  effects 
on  stream  invertebrates,  but  the  benthic  community  gradually  stabilizes 
as  the  remaining  flow-tolerant,  species  adjust  to  the  prevailing  condi¬ 
tions.  Higher  flows  extend  the  influence  of  the  reservoir  discharge 
downstream. 

5*6.  The  subject  of  minimum  flows  is  one  of  the  most  widely 
studied  aspects  of  regulated  streams.  During  the  dry  season  of  late 
summer  and  fall,  minimum  flows  are  often  maintained  below  dams  to 
provide  aquatic  habitat  for  the  survival  of  invertebrates  and  fish. 

The  habitat  that  remains,  however,  is  usually  of  decreased  quality  and 
quantity.  Reduced  habitat  increases  interspecific  competition  for 
space  and  food  among  fish  and  among  invertebrates.  Both  groups  experi¬ 
ence  physiological  stress  and  reduced  production  during  low  flows. 

Low  flows  in  tailwaters  reduce  water  velocities  and  associated  detrital 
material ,  and  thus  food  and  oxygen  for  benthic  organisms  are  also 
reduced.  Low  flows  allow  silt  and  detritus  to  accumulate  in  the 
tnilwater  from  streamside  runoff.  This  material  may  be  beneficial  to 
the  productivity  in  the  tailwater  if  not  present  in  excessive  quanti- 
t. i . • : .  In  coldwater  streams,  minimum  flows  from  deep-release  reservoirs 


often  maintain  water  temperatures  within  tolerance  levels  for  coldwater 
species  (e.g.,  trout). 

587.  Irrigation  storage  reservoirs  impound  winter  and  spring 
runoff,  with  a  consequent  reduction  in  tailwater  flows.  Winter  de¬ 
watering  of  the  tailwater  reduces  overwinter  survival  of  many  organisms 
by  limiting  habitat  and  exposing  them  to  harsh  winter  conditions.  Poor 
survival  of  trout  has  been  documented  in  streams  dewatered  in  winter. 
Dewatering  in  the  spring  probably  affects  the  reproduction  of  some 
fishes  by  reducing  both  the  stimulus  to  spawn  and  the  availability  of 
spawning  habitat. 

588.  Below  hydropower  dams,  large  diurnal  flow  fluctuations  most 
often  have  a  destructive  influence  on  the  tailwater  biota  and  create  an 
unstable,  highly  variable  downstream  habitat.  The  extreme  variation  in 
flow  scours  the  tailwater  and  displaces  both  fauna  and  flora.  Species 
with  narrowly  defined  environmental  requirements  are  eliminated  from 
these  tuilwaters.  During  power  generation,  high  water  velocities  cause 
streambed  and  bank  instability  and  habitat  degradation.  The  stream  may 
be  subject  to  increased  turbidity,  and  algal  and  macrophytic  growth  is 
discouraged.  The  widely  fluctuating  flows  discourage  the  establishment 
of  strerimside  vegetation  and  other  aquatic  plants.  The  benthic  food 
base  is  radically  reduced  arid  some  species  may  be  eliminated.  A  "zone 
of  fluctuation"  is  permanently  established  where  no  production  takes 
place  because  of  periodic  streambed  exposure  during  nonpower  cycles. 

589.  Fluctuating  flows  disrupt  the  spawning  and  reproductive 
success  of  some  fish  species  by  destroying  nests  and  sweeping  away 
unsheltered  eggs  ami  fry.  Only  fish  adapted  to  high  water  velocities 
are  able  to  sustain  their  populations  in  tailwaters  below  hydropower 
dams.  Stranding  and  desiccation  of  many  species  of  invertebrates,  fish 
eggs,  salmonid  fry,  and  sculpins  have  been  reported.  Invertebrates 
located  in  fluctuating  tailwaters  may  attain  community  equilibrium, 
provided  they  are  able  to  adapt  to  the  variations  in  flow. 

590.  The  release  of  large  volumes  of  cold  hypolimnetic  water 
during  power  generation  maintains  a  cold  tailwater  environment  below 
some  southern  reservoirs.  Ftowever,  during  nongenerating  periods,  the 


small  volume  of  water  released  may  warm  rapidly  due  to  solar  radiation 
and  exposure  to  warm  air  temperatures.  The  thermal  tolerance  of  some 
fish  and  invertebrates  may  he  exceeded  during  these  periods,  and  the 
organisms  either  move  out  of  the  tailwater  or  die.  The  increased  water 
temperatures  may  be  beneficial  to  some  species,  such  as  carp  and 
smallmouth  bass,  that  compete  with  coldwater  fishes.  Despite  the  fluc¬ 
tuating  flows  encountered  below  hydropower  dams,  many  excellent  trout 
fisheries  have  developed  in  these  waters.  The  quality  of  the  fishery 
depends  on  the  habitat  suitability  for  trout,  which  includes  cold  water 
adequate  flow,  plentiful  cover  and  food. 


Past  Tai 1 water  Research  and  Suggestions  for  Future  Study 

591*  Review  of  the  available  literature  revealed  that  the  present 
understanding  of  biological  problems  in  tailwaters  is  far  from  complete 
Current  research  being  funded  or  conducted  by  various  groups,  including 
the  IJ.  G.  Army  Corps  of  Kngineers,  Tennessee  Valley  Authority,  U.  S. 
Water  and  Power  Resources  Gcrvice  (formerly  Bureau  of  Reclamation),  and 
the  IT.  G.  Fish  and  Wildlife  Gerviee,  may  provide  the  necessary  infor¬ 
mation  to  overcome  trie  inadequacy  of  the  literature. 

ROW*  Most  tailwater  research  has  been  narrow  in  scope.  Usually, 
the  study  of  the  biota  in  a  tailwater  has  been  limited  to  the  compila¬ 
tion  of  lists  of  invertebrate  species  and  fish  species  or  creel  census. 
It  has  sometimes  been  assumed  that  a  major  change  in  one  physical 
factor  (e.g.,  temperature,  flow,  etc.)  has  caused  a  change  in  the 
tailwater  biota.  However,  the  more  comprehensi vo  investigations  needed 
to  confirm  these  assumptions  iiave  rarely  been  conducted. 

593.  The  few  studies  that  have  been  directed  toward  determining 
the  causes  for  observed  changes  in  tailwater  biota  have  generally  been 
the  result  of  acute  short-term  problems  (e.g. ,  fish  kills  caused  by 
gas  supersaturation  or  reduced  dissolved  oxygen).  The  more  subtle 
changes  resulting  in  the  disappearance  of  a  species  or  change  of  spe¬ 
cies  composition  in  tailwaters  have  generally  not  been  determined.  As 
an  example,  the  loss  of  a  fish  species  in  cold  tailwaters  has  been 


attributed  to  the  reduction  in  temperature.  What  is  usually  not  known 
is  which  stages  of  the  fish's  life  cycle  were  affected  by  the  lowered 
temperature.  Reduced  temperatures  may  have  had  any  of  several  effects 
or  combinations  of  effects:  (a)  prevented  the  initiation  of  spawning 
activity,  (b)  inhibited  the  hatching  of  eggs,  (c)  impeded  the  growth  of 
fry,  (d)  destroyed  a  required  food  source,  (e)  provided  other  species 
with  a  competitive  advantage,  or  (f)  simply  been  below  the  tolerance 
limits  of  the  affected  species.  If  the  "weak  link"  in  the  life  cycle 
of  the  species  was  known,  it  might  be  possible  to  release  water  of  a 
more  favorable  temperature  during  the  critical  period  (e.g.,  releasing 
water  of  a  warmer  temperature  until  egg  hatching  is  completed). 

59I4 .  It  is  improbable  that  changes  in  species  composition  were 
due  solely  to  one  factor,  such  as  a  reduction  in  temperature.'.  Changes 
in  the  tailwater  biota  are  more  likely  due  to  the  alteration  of  a 
number  of  factors  such  as  temperature,  flow,  habitat  availability,  food 
abundance,  and  the  levels  of  turbidity,  dissolved  gases,  and  certain 
chemicals.  Additionally,  the  degree  to  which  these  alterations  affect 
the  biota  in  each  tailwater  may  be  highly  variable.  The  biota  in  two 
apparently  similar  tailwaters  may  react,  differently  to  similar  changes 
in  chemical  and  physical  factors  because  of  differences  in  project 
location,  construction,  and  operation.  Indeed,  it  is  possible  that  in 
some  tailwaters  the  assumed  cause  of  the  faunal  changes  (e.g.,  temper¬ 
ature  reduction)  may  not  have  had  any  real  effect,  but  simply  masked 
the  actual  causative  factors. 

595.  Studies  are  needed  to  determine  the  tailwater  chemical  and 
physical  properties  that  cause  changes  in  diversity  and  abundances  in 
the  biotic  community.  Such  studies  should  investigate  all  parts  of 
the  tailwater  ecosystem  and  must  include  continuous  (i.e.,  daily) 
monitoring  of  major  chemical  and  physical  variables  and  periodic 
sampling  of  the  tailwater  biota  (i.e.,  periphyton,  plankton,  benthos, 
fish).  Once  sufficient  information  on  the  chemical  and  physical 
environment  of  a  tailwater  is  obtained,  it  should  be  possible  to  relate 
this,  information  to  observed  changes  in  the  biotic  community  with 
appropriate  statistical  analyses. 


t9o.  In  addition  to  do  term  i  ning  which  chemical  and  physical 
factors  act  to  alter  the  biotic  community,  further  more  intensive, 
limited  studies  will  be  needed  t.o  discover  how  these  factors  act  on 
the  most,  seriously  affected  members  of  the  biota.  Only  by  determining 
how  the  affected  tail  water  organisms  are  influenced  will  it  be  possible 
to  surest  improvements  in  the  current,  tailwater  management,  plan;  for 
example,  how  a  valuable  warmwater  fisli  species  is  influenced  below  a 
hypolimnet  i  c  release,  hydropower  dart.  It  may  be  determined  that  the 
di saipear.anec  of  this  species  is  most  closely  correlated  with  diurnal 
f low  and  temperature  fluctuations  and  delayed  seasonal  warming.  More 
narrowly  defined  studies  may  determine  that  fish  spawning  has  been 
relayed  because  of  a  lack  of  adequate  thermal  stimulus  and  that  fish 
> •> v.  hatching  and  invertebrate  food  production  have  declined  because  of 
the  periodic  drying  of  spawning  beds  and  riffle  areas.  Ultimately,  it 
will  be  up  to  the  managing  agency  to  determine  if  any  of  the  suggest'd one 
mi giit  be  imp!  emont.ed  within  the  context  of  an  overall  reservoir  manage¬ 
ment  plan. 

197 .  The  <  ype  of  intensive  study  just,  discussed  is  only  useful  for 
understanding  the  problems  of  ai.  individual  tailwater  being  investigated. 
It  would  bo  helpful  in  the  future  to  have  a  generalized  conceptual  model 
of  each  major  tailwater  type  to  assist  in  the  recognition  of  tailwater 
t  robloms  without  resorting  to  large-scale  intensive  studies.  Such  a 
conceptual  model  must,  provide  a  clear  understanding  of  how  the  major 
chemical ,  physical,  and  biological  variables  relate  to  and  interact 
wi  th  each  other. 
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APPENDIX  A:  ALPHABETICAL  LIST  OF  THE  113  TAILWATERS  MENTIONED 
IN  THE  TEXT  WITH  LOCATION  BY  RIVER  AND  STATE,  PROVINCE,  OR  COUNTRY 
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APPENDIX  B:  LOCATION  OF  105  RESERVOIR  TAILWATERS 
IN  THE  UNITED  STATES  MENTIONED  IN  THE  TEXT 


APPENDIX  C:  COMMON  AND  SCIENTIFIC  NAMES  OF  FISHES 
MENTIONED  IN  THE  TEXT,  ARRANGED  BY  FAMILY 
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Part  I:  Fishes  from  North  American  Tailwaters 


Polyodontidae 

Paddlefi sh 

Clupeidae 

Skipjack  herring 
American  shad 
Gizzard  shad 
Threadfin  shad 

Salmon! dae 

Coho  salmon 
Cutthroat  trout 
Rainbow  trout 
Brown  trout 
Brook  trout, 

Esocidae 


Grass  puckered 
Northern  pike 
Muskellunge 
Chain  pickerel 

Cypr  In  i  dae.- 

Chi  sol  mouth 

Stonerol  ler 
Carp 

Humpback  chub 
Bony tai 1 
Round  tail  chub 
Speckled  chub 
p.igeye  chub 
Streamline  chub 
Poamouth 
Hornyhead  chub 
River  chub 
Golden  shiner 
Texas  shiner 
R  ise  fin  shiner 
Emerald  shiner 


Polyodon  spathula  (Walbaum) 


Alosa  chrysochloris  (Rafinesque) 
Alosa  sapidissima  (Wilson) 
Dorosoma  cepedianum  (Ler  eur) 
Dorosoma  petenense  (Gunther) 


Oncorhynchus  kisutch  (Walbaum) 
Salmo  clarki  Richardson 
Salmo  gairdneri  Richardson 
Salmo  trutta  Linnaeus 
Salvelinus  fontinali s  (Mitehill) 


Esox  ameri canus  vermi culatus  Lesueur 
Esox  lucius  Linnaeus 
Esox  masquinongy  Mitehill 
Esox  niger  Lesueur 


Acrochei lus  alutaceus  Agassiz  and 
Pickering 

Campostoma  anomalum  (Rafinesque) 
Cypr i nun  carpi o  Linnaeus 
Gi la  cypha  Miller 
Gi la  elegans  Baird  and  Girard 
Gila  robusta  Baird  and  Girard 
liybopsis  aestivalis  (Girard) 
ilybopsis  amblops  (Rafinesque) 
Hybopsis  dissimilis  (Kirtland) 
Mylocheilus  caurinus  (Richardson) 
Nocomi s  bigutta tus  (Kirtland) 
Nocomi s  mi cropo^on  (Cope) 

Hoteni genus  cryscleucas  (Mitehill) 
Notropir,  amabilis  (Girard) 

Notropi s  ardens  ~TCope) 

Notropis  at.herinoides  Rafinesque 


( Continued ) 


Cyprinidae  (continued) 

Bigeye  shiner 
Striped  shiner 
Common  shiner 
Whitetai 1  shiner 
Blackchin  shiner 
Spottail  shiner 
Red  shiner 
Silver  shiner 
Duskystripe  shiner 
Rosy  Brice  shiner 
Spot fin  shiner 
Sand  shiner 
Telescope  shiner 
Redfin  shiner 
Rlacktail  shiner 
Mimic  shiner 
Guckermouth  minnow 
Southern  redbelly  dace 
Bluntnose  minnow 
Fathead  minnow 
Bullhead  minnow 
Colorado  squawfish 
northern  squawfish 
Blaoknos e  d a c e 
T.onrnose  dace 
Speckled  dace 
Red  side  shiner 
Crock  chub 

Catostomidao 

River  carpsucker 
Quillback 
Longnose  sucker 
White  sucker 
RluchcaSi  sucker 
FI unnelmuth  sucker 
Largesca.lc  sucker 
Mountain  sucker 
Blue  sucker 
Northern  hog  sucker 
Cmullmouth  buffalo 
i ‘  i  grn 01  x  t  h  bu  f  f a  1  o 
Black  buffalo 


Notropis  boops  Gilbert 

Notropis  chrysocephalus  (Rafinesque) 

Notropis  cornutus  (Mitchill) 

Notropis  galacturus  (Cope) 

Notropi s  heterodon  (Cope) 

Notropis  hudsonius  (Clinton) 

Notropis  lutrensis  (Baird  and  Girard) 
Notropis  photogenis  (Cope) 

Notropis  pilsbryi  Fowler 
Notropis  rubellus  (Agassiz) 

Notropis  spilopterus  (Cope) 

Notropis  stramineus  (Cope) 

Notropis  telescopus  (Cope) 

Notropis  umbratili s  (Girard) 

Notropis  venustus  (Girard) 

Notropi s  volucellus  (Cope) 

Phenacobius  mirabilis  (Girard) 

Phoxinus  erythrogaster  (Rafinesque) 
Pimephales  notatus  (Rafinesque) 
Pimephales  promelas  Rafinesque 
Pimephales  vigilax  (Baird  and  Girard) 
Ptychocheilus  lucius  Girard 
Ptychochei lus  oregonensi s  (Richardson) 
Rhi nichthys  atratulus  (Hermann) 
Rhinichthys  cataractae  (Valenciennes) 
Rhi nichthys  osculus  (Girard) 
Richardsonius  balteatus  (Richardson) 
Semotilus  atromaculatus  (Mitchill) 


Carpi odes  carpi o  (Rafinesque) 

Carpi odes  cyprinus  (Lesueur) 

Catostomus  catostomus  (Forster) 
Catostomus  commersoni  (Lacepede) 
Catostomus  discobolus  Cope 
Catostomus  latipinnis  Baird  and  Girard 
Catostomus  macrochei 1  us  Girard 
Catostomus  platyrhynchus  (Cope) 
Cycleptus  elongatus  (Lesueur) 
Hypentelium  nigricans  (Lesueur) 
Ictiobus  bubalus  (Rafinesque) 

Tctiobus  cyprinellus  (Valenciennes) 
Ictiobus  niger  (Rafinesque) 


( Continued ) 


Catostomidae  (continued) 


Spotted  sucker 
Silver  redhorse 
River  redhorse 
Gray  redhorse 
Black  redhorse 
Golden  redhorse 
Shorthead  redhorse 
Humpback  sucker 

Ictaluridae 

White  catfish 
Blue  catfish 
Black  bullhead 
Yellow  bullhead 
Brown  bullhead 
Channel  catfish 
Slender  madtom 
Stonecat 
Tadpole  madtom 
Brindled  madtom 
Freckled  madtom 
Flathead  catfish 

Pereirhthyidae 

White  bass 
Yellow  bass 

Striped  bass 

Centrarchidae 

Rock  bass. 

Green  sunfish 
Orangespotted  sunfish 
Bluegi  1 1 
Longear  sun  fish 
Redear  sunfish 
Small  mouth  bass 
Spotted  bass 
Largemout.h  bass 
White  crappie 
Black  crappie 


Mi nytrema 
Moxostoma 
Moxostoma 
Moxostoma 
Moxostoma 
Moxostoma 
Moxostoma 
Xyrauehen 


melanops  (Rafinesque) 
anisurum  (Rafinesque) 
carinatum  (Cope) 
congestum  (Baird  and  Girard) 
duquesnei  (Lesueur) 
erythrurum  (Rafinesque) 
macrolepidotum  (Lesueur) 
texanus  (Abbott) 


Tctalurns  cat  us  (Linnaeus) 

Ictalurus  furcatus  (Lesueur) 
Ictalurus  me las  (Rafinesque) 
Ictalurus  natal i s  (Lesueur) 

Ictalurus  nebulosus  (Lesueur) 
Ictalurus  punctatus  (Rafinesque) 
Noturus  exilis  Nelson 
Noturus  flavus  Rafinesque 
Noturus  gyrinus  (Mitchill) 

Noturus  miurus  Jordan 

Noturus  nocturnus  Jordan  and  Gilbert 

Pylodictis  olivar i s  (Rafinesque) 


Morone  chrysops  (Rafinesque) 

Morone  mi ssi ssippiensis  Jordan  and 
Kigenmann 

Morone  saxati li s  (Walbaum) 


AmblopI  i  t.es  rupestris  (Rafinesque) 
Lepomis  cyanel lus  Rafinesque 
Lepomi s  humi 1 i s  (Girard) 

Lepom i s  macrochi rus  Rafinesque 
Lepomi s  megalot i s  (Rafinesque) 

Leo  pm  is  m  i  crolophus  (Glint  her ) 
Micropt.erus  dolomieui  Lacepede 
Mi cropterus  punctulatus  (Rafinesque) 
Micropterus  salmoides  (Lacepede) 
Pomoxi s  annulari s  Rafinesque 
Pumoxis  ni gromacul'  1  ns  (Lesueur) 
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Percidae 


Greens ide  darter 
Rainbow  darter 
Fantail  darter 
Johnny  darter 
Tessellated  darter 
Orangethroat  darter 
Handed  darter 
Yellow  perch 
hogpereh 
Gilt  darter 
Hlaekside  darter 
Gauger 
Walleye 

Gciaenidae 

Freshwater  drum 


Mottled  sculpin 
Piute  sculpin 

Banded  sculpin 


Etheostoma  blennioides  Rafinesque 
Etheostoma  caeruleum  Storer 
Etheostoma  flabellare  Rafinesque 
Etheostoma  nigrum  Rafinesque 
Etheostoma  olmstedi  Storer 
Etheostoma  spectabile  (Agassiz) 
Etheostoma  zonale  (Cope) 

Perea  flavescens  (Mitchill) 

Percina  caprodes  (Rafinesque) 

Percina  evides  (Jordan  and  Copeland) 
Percina  maculata  (Girard) 

Stizostedion  canadense  (Smith) 
Stizostedion  vitreum  vitreum  (Mitchill) 


Aplodinotus  grunni ens  Rafinesque 


Cottus  bairdi  Girard 
Cottus  beldingi  Eigenmann  and 
Eigenmann 

Cottus  carolinae  (Gill) 
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Salmonidae 

Baltic  salmon 

Cyprinidae 

Zope 

Bream 

Golden  shiner  (European) 

Bystryanka 

Bleak 

Barbel 

White  bream 

Shemaia 

Nase  (Pclust) 

Carp 

Gudgeon 

Ide 

Roach  or  Vobla 

Khramulya 

Vimba 

Percidae 

Volga  pike-perch 
Cottidae 

Common  bullhead  (sculpin) 


Salmo  salar  Linnaeus 


Abrami s  ballerus  (Linnaeus) 

Abrami s  brama  ("Linnaeus ) 

Abrami s  sp. 

Alburnoides  bipunctatus  (Bloch) 
Alburnus  alburnus  (Linnaeus) 

Barbus  barbus  (Linnaeus) 

Bli cca  bjoerkna  (Linnaeus) 
Chalcalburnus  chalcoides  ( Guldenstadt ) 
Chondrostoma  nasus  (Linnaeus) 

Cypri nun  carplo  Linnaeus 
Gobio  gob in  (Linnaeus) 

Leueiscun  idus  (Linnaeus) 

Ruti ] ns  mti lus  (Linnaeus) 

Varicorhi  nus  capoeta  ( Gilldenstadt ) 
Vimba  vimba  (Linnaeus) 


Lucioperca  vol gensi s  (Gmelin) 


Cottus  gobio  Linnaeus 
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APPENDIX  D:  LIFE  HISTORY  INFORMATION  FOR  THE 
MOST  COMMON  FISH  GROUPS  MENTIONED  IN  THE  TEXT 
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Algae:  primitive  plants,  one-celled  to  many-celled. 

Allochthonous:  materials  such  as  leaves  and  detritus  that  originate 
from  outside  a  lake  or  stream. 

Amphipods:  group  of  crustaceans  that  includes  the  freshwater  forms 

Hyalel la  and  Gammarus . 

Anadromous  fish:  fish  that  spend  most  of  their  lives  in  the  sea  or 
lakes  but  ascend  rivers  to  spawn. 

Anaerobic  organisms:  microorganisms  that  thrive  in  the  absence  of 
oxygen . 

Annelids:  earthworms  and  leeches. 

Anoxia:  state  of  having  too  little  oxygen  in  tissues  for  normal 

metaboli sm. 

Arachnids:  spiders  and  water  mites. 

Armoring:  accumulation  of  coarse  particles  on  a  stream  bottom  through 

loss  of  finer  materials  to  the  current;  the  formation  of  a  firm 
layer  on  the  streambed  that  is  resistant  to  further  degradation. 

Arthropods:  group  of  invertebrate  animals  that  includes  crustaceans, 

insects,  and  spiders. 

Autochthonous:  materials  such  as  algae,  macrophytes,  and  their  decom¬ 

position  products  that  originate  within  a  lake  or  stream. 

Autotrophy:  type  of  nutrition  in  which  an  organism  manufactures  its 
own  food  from  inorganic  compounds. 

Benthic  organisms  (benthos):  aquatic  invertebrates  such  as  mollusks, 
immature  aquatic  insects,  and  crustaceans  that  live  on  or  in  the 
stream  bottom. 

Biomass:  total  weight  of  a  particular  species  or  of  all  organisms  in 

a  particular  habitat. 

Biota:  all  living  organisms  in  a  region. 

Bryozoans:  small  bottom  organisms  that  make  up  part  of  the  benthos. 

Carnivore:  any  animal  partly  or  wholly  dependent  on  catching  other 

animals  for  its  food. 

Chironomids:  family  of  insects  of  the  Order  Diptera;  large  group  that 

includes  the  nonbiting,  mosquitolike  midges. 

Cladocerans:  freshwater  crustaceans;  includes  such  zooplankton  genera 

as  Daphnia,  Chydorus ,  and  Alona. 
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Copepods:  freshwater  crustaceans;  includes  such  zooplankton  genera  as 

Diaptomus  and  Cyclops . 

Crustaceans:  includes  certain  zooplankters  ( copepods  and  cladocerans ) , 

;unphipods,  decapods,  isopods,  and  ostracods. 

Daphnids:  any  member  of  the  eladoceran  genus  Daphnia. 

Decapods:  freshwater  shrimp  and  crayfish. 

Detritivores:  organisms  that  ingest  detritus. 

Detritus:  fine  particulate  debris  of  organic  or  inorganic  origin. 

Diatoms:  class  of  algae  having  silicified  skeletons. 

Dipterans:  order  of  insects  that  includes  true  flies. 

Drift:  aquatic  or  terrestrial  invertebrates  that  move  or  float  with 

the  current. 

Ecology:  science  of  the  interrelations  between  living  organisms  and 

their  environment. 

Encystment :  formation  of  a  resistant  cyst  by  certain  microorganisms, 

especially  under  unfavorable  environmental  conditions. 

Ephemeropterans:  order  of  insects  that  includes  the  mayflies. 

Epilimnion:  upper  stratum  of  more  or  less  uniformly  warm  circulating 

water  that  forms  in  lakes  and  reservoirs  during  periods  of  stratifi¬ 
cation  and  extends  from  the  surface  to  the  metalimnion  or  thermocline. 

Excystment:  portion  of  the  life  cycle  of  an  organism  when  it  emerges 
from  its  cyst  stage  and  resumes  normal  metabolic  activity. 

Fingerling:  immature  fish,  from  a  length  of  about  25  mm  (or  size  at 

disappearance  of  yolk  sac)  to  the  end  of  first  year  of  life. 

Fry:  life  stage  of  fish  between  hatching  of  the  egg  and  assumption  of 

adult  characteristics  (usually  at  a  length  of  about  25  mm). 

Gastropods:  snails. 

Habitat:  place  where  a  particular  plant  or  animal  lives. 

Herbivore:  organism  that  feeds  on  plant  material. 

Heterotrophy:  type  of  nutrition  in  which  an  organism  depends  on  organic 

matter  for  food. 

Hydraulic  residence  time:  time  (usually  days)  required  for  a  volume  of 
water  equal  to  the  reservoir  capacity  to  move  through  the  reservoir 
and  be  discharged  downstream. 


Hypo] imn ion:  lower  stratum  of  cold  and  relatively  undisturbed  water 
that  forms  in  lakes  and  reservoirs  during  periods  of  stratification 
and  extends  from  the  bottom  up  to  the  metalimnion  or  thermocline . 

Instar :  any  one  of  the  successive  stages  in  the  life  history  of  an 

insect . 

Tsopods:  freshwater  crustaceans  ( Asellus ) ,  which  are  similar  to 

terrestrial  sow  bugs. 

I.'iminar  flow:  smooth,  low-velocity  flow,  with  parallel  layers  of  water 
shearing  over  one  another,  and  with  little  or  no  mixing  of  layers. 

Lentio:  stanuing  waters  such  as  lakes  and  ponds. 

hep  l dopterans :  order  of  insects  that  includes  the  moths  and  butter¬ 
flies. 

Limnology:  study  of  the  physical,  chemical,  and  biological  conditions 
in  fresh  waters. 

L-c*  :o:  running  waters  such  as  streams  and  rivers. 

Macrophytes:  macroscopic  or  large  forms  of  vegetation. 

Met  al  ’.rr.ni  stratum  between  the  cpi  limn i- >n  and  *  he  hypolimnion  in 
rt.rat  :  :'ied  lakes  and  reservoirs;  exhibits  marks  !  thermal  discon- 
dr.uity;  temperature  changes  at  least  1°C  per  metre  throughout 
this  strat'im. 

M.  .Husks:  s t  iod  animals  usually  enclosed  in  a  shell  and  having 
a  muscular  ;  ‘Yerhw.aler  forma  include  snails  and:  darts. . 

Lymphs:  -re  -  f  a  series  of  immature  stages  in  certain  insects. 

Oligoehaetes :  earthworms  and  their  aquatic  representatives. 

Omnivu’e:  ur.y  anir.a.l  that,  eats  a  variety  of  living  and  dead  plants 

and  animals. 

Ostracocir :  email  crust  ureans  enclosed  in  bivalve  shells;  resemble 
small  clams. 

Periphyton:  as, social  ion  of  aquatic  organisms  attached  or  clinging  to 
stems,  and  leaves  of  rooted  plants  nr  other  surfaces  projecting 
above  the  st rc’un  bottom. 

pH:  the  negative  logarithm  of  the  effective  hydrogen-ion  concentration. 

Used  to  express  both  acidity  and  basicity  on  a  scale  of  0  to  1^;  7 
represents  neutrality,  numbers  ler,s  than  7  increasing  acidity,  and 
numbers,  greater  than  7  increasing  basicity. 
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Photosynthesis:  complex  of  processes  involved  in  the  formation  of 

carbohydrates  from  carbon  dioxide  and  water  i"  living  plants  in 
the  presence  of  light  and  chlorophyll. 

Phytoplankton:  small  plants  (algae)  that  live  unattached  in  the  water. 

Piscivorous:  feeding  on  fishes. 

Plankton:  organisms  of  relatively  small  size,  mostly  microscopic, 

that  drift  with  the  water  current;  some  have  weak  powers  of 
locomotion . 

Plecopterans :  order  of  insects  that  includes  the  stoneflies  and 

salmonflies . 

Pool:  portion  of  a  stream  that  is  deep  and  quiet  relative  to  the  main 

current . 

Redd:  type  of  fish  spawning  area  (usually  a  cleared  circular  or  oblong 

depression)  in  running  water  with  a  gravel  bottom. 

Redox  potential:  oxidation-reduction  potential;  a  measure  of  the 
oxidizing  or  reducing  intensity  of  a  solution. 

Riffle:  shallow  rapids  in  an  open  stream,  where  the  water  surface  is 

broken  into  waves  by  obstructions  wholly  or  partly  submerged. 

Run:  stretch  of  relatively  deep,  fast-flowing  water  with  the-  surface 

essentially  nonturbulent . 

Seston:  living  or  nonliving  bodies  of  plants  or  animals  that  float  or 

swim  in  the  water. 

Simuliids:  family  of  insects  of  the  Order  Diptera;  includes  black 

flies  and  buffalo  gnats. 

Spate:  a  sudden  freshet  or  flood. 

Stenothermal:  refers  to  an  organism  that  can  maintain  itself  only 
over  a  relatively  narrow  range  of  temperature. 

Stratification:  separation  of  and  nonmixing  between  the  surface 

epilimnetic  water  and  the  deep  hypolimnetic  wa.ter  because  of 
density  differences  between  the  two  layers. 

Tailwater:  channel  or  stream  below  a  dam. 

Thermocline:  see  metalimnion . 

Trichopterans :  order  of  insects  that  includes  caddisflies. 

Trophic  level:  refers  to  the  position  occupied  by  an  organism  in  a 
simplified  food  chain. 
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Turbellarians :  free-living  flatworms. 

Turbidity:  cloudiness  of  water  caused  by  the  presence  of  suspended 

matter . 

Turbulent  flow:  flow  with  secondary,  heterogeneous  eddies  super¬ 
imposed  on  the  main  forward  flow,  accompanied  by  considerable 
mixing  of  components. 

Water  quality:  a  term  used  to  describe  the  chemical,  physical,  and 
biological  characteristics  of  water  in  respect  to  its  suitability 
for  a  particular  use. 

Zooplankton:  animal  microorganisms  that  live  unattached  in  the  water. 
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In  a 'cordance  with  letter  from  DAI  A  -  KPC  t  DA  [A  -  AS  I  dated 
22  duly  Id'**',  Subject:  facsimile  catalog  Cards  for 
Laboratory  lechnical  I’ubl  icat  ions ,  a  facsimile  catalog 
card  in  library  of  Congress  MARC  format  is  reproduced 
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